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Vig Mgy By Pun iy Wig g Mg P Fak Pl Pan g Pigp Sy mhy Py oy Pay Por far Pop ap ol vy By My b P Ag Pp g

Q Y G S S P W T ¥ G Q 5 T K Vv K I K
271 CAG TAT GGT AGC TCA CCG TGG ACG TTC GGC CAA GGG ACC AAG GTG GAA ATC AAA

Ly

Fig. 2B
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Anti-2H9 CD30 VH

V—-segment: Locus: 4-34
D segment: Locus - 5-12
J segment: JHZ

Q \' Q L Q Q W G A G L L K P S B T L
1 CAG GTG CAG CTA CAG CAG TGG GGC GCA GGA CTG TTG AAG CCT TCG GAG ACC CTG

CDR1

P Py S Py Pl Pl Tl i Pl Pap Pl Fap Py Pl P P Pae P ey gy

S Iy T C A Vv Y G G S E S G Y Y W S W
55 TCC CTC ACC TGC GCT GTC TAT GGT GGG TCC TTC AGT GGT TAC TAC TGG AGC TGG

CDR2

Mg g g gy Fag Pup P Py Sy g P P P P P By By By Pa

I R Q P G K G L E W I G E I N H S
109 ATC CGC CAG CCC CCA GGG AAG GGG CTG GAG TGG ATT GGG GAA ATC AAT CAT AGT

CDR2

P Fup g Pl e B vor g Pup By Fup P SF Pl Pl Pl P g P e Pl Pl Pap Pap ol Pl Py Pl Pas e P T Tl Pl Pup s Py ey Pul Sy Fag Py ey tngy

G S T K Y T P S L K S R V T I S Vv D
163 GGA AGC ACC AAG TAC ACC CCG TCC CTC AAG AGC CGA GTC ACC ATA TCA GTA GAC

T S K H Q F S L K L S S \Y T A A D T
217 ACG TCC AAG CAC CAA TTC TCC CTG AAG CTG AGC TCT GTG ACC GCC GCG GAC ACG

CDR3

P P P g Sl Sy Py P P P P Pah g By By Py P B P Pap By Sy Py B for My By By op By My Mg

A \Y Y Y - A R E T \' Y Y F D L W G R
271 GCT GTG TAT TAC TGT GCG AGA GAG ACT GTC TAC TAC TTC GAT CTC TGG GGC CGT

s ono

G T L A T Vv S S
325 GGC ACC CTG GTC ACT GTC TCC TCA

Fig. 34
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Anti-2H9 CD30 VL

35

109

163

217

271

V-segment:
J segment:

E I \ L
GRA ATT GTG TTG

h T L S
GCC ACC CTC TCC

Q Q K P
CAA CAG AAA CCT

CDRZ

A T G 1
GCC ACT GGC ATC

L T L S
CTC ACC ATC AGC

CDR3

Jun. 26, 2012

Sheet 6 of 15 US 8.207,303 B2

Locus: L6
JK1

T Q S P A T L S L S P G E; R
ACA CAG TCT CCA GCC ACC CTG TCT TTG TCT CCA GGG GAA AGA

CDR1

gl Wil By Fap Pos Por Pos Py Pgp Pyl Pap Pl P Pal Py Wk Sy g ey pies Figa Plar Fgp g gl Wigh gl P Fen s Pge By Vgl Pyl Py Pl Pl el Py Egh Py gl P Yy

C R A S Q S \Y S S N L A W Y
TGC AGG GCC AGT CAG AGT GTA AGC AGC AAC TTA GCC TGG TAC

CDR2

i Mgl Py Swe g Fap Py By g Fon g B Pag g P Pl Ty oy P

G Q A P R L L 1 Y D A S N R
GGC CAG GCT CCC AGG CTC CTC ATC TAT GAT GCA TCC ARC AGG

P A R L 5 G S G S G T D F T
CCA GCC AGG CTC AGT GGC AGT GGG TCT GGG ACA GAC TTC ACT

Pl P P e Mg Sys i

5 L E P E D F A \'4 Y Y C Q Q
AGC CTA GAG CCT GAA GAT TTT GCA GTT TAT TAC TGT CAA CAG

My dieg ey gl Fian Pen Pog P TRE g gy Py Py Pay P Pig gy gl Wap el Faa ek P gy Suys Byl Py gk

R S N W

P W T F G Q G T K \Y E I K

CGT AGC AAC TGG CCG TGG ACG TTC GGC CAA GGG ACC AAG GTG GAA ATC AAA

s e

Fig. 3B
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ADCC: Cr
L540 w/ CD30
90 = CD30
{ +  CD30 fucose (-)
65 ‘ v 1D4 (lgG1)
3

40 t .
15
-10
0.00001 0.0001 (0001 0.01 041 1 10

Ab (pg/mL)

Fig. 4
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ADCC: Cr-51
1.428 w/ aCD30

n 90 = CD30
I +  CD30 defucose
-2-" 65 + 1D4 (IgG1)
4
Q 10 *
n F
O
X 15

10 _

0.00001 0.0001 0.001 001 01 1 10

Ab (pg/mL)

Fig. 5



U.S. Patent Jun. 26, 2012 Sheet 9 of 15 US 8,207,303 B2

ADCC: Cr-51

50 L1236 w/ aCD30
= CD30

40 +  CD30 defucose
30 * 1D4 (IgG1)

20
10 :
0

-10
0.00001 0.0001 0.001 001 0.1 1 10

Ab (ug/mL)

% specific lysis

Fig. 6
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ADCC: Cr
Karpas w/ CD30

S P « CD30
7,
T « CD30 fucose (-}
> 90 Y
- I « 1D4 (IgG1)
=
'S 25
Q
2.
& A
< O v

.25

0.0001 0.001 001 0.1 1 10 100

Ab (ug/mL)

Fig. 7



Ve "S1]

US 8,207,303 B2

JYOXZAAVYIAIVIETSNRNODT
—
= Y SILIYODONASAAZZAAISOAOAINYAMITT
y—( At s Nl Rl Ty Bt P g Ny P Pup P A Y Rs Ay By Bp N g Pz Prp P P Pk By g Ny Bui P Pg Py B
o
w 29ad
Z MSHMIXSSAIILAIADSYYISTYTSOHODADATODD
TAD
—
& _ MY 2XAAYILIAVYVYIASSTNTSAID
& £4ao
e
=
= SIITAYSHITSIdNINILISOHSHNIIOIMITONAD

2ddo

SMAXOS§AdSIODAAYOOILTSTILISIATTITOVY OM

10 (o

U.S. Patent

A TS

9 A D

9 6 4

N XS

d d0

0 01

N MY NAC(

d ¥YOYA

ATOAJ

L d A

d I M

OAO

:OUTITWIOD LO-E

- UTTWALD PE-D

S SUuTTwa=sy uteyo EeoH



g8 8L

. ASNAQOO QAXIVAQAJOTISSIITIIAIOSHSHSINSIAD
£3dD

US 8,207,303 B2

SOTSSYY AITSMAVIIIMOOAM VYIMSSIOOSWY JLIIANA9ASYSTISSASOIWOIA OUTTUISD GI1

By —

T zyan THdD
nk
-~
&
g
— SSOA00 DAAAVIQEJITISIIILIQALOSOHSOSANAIID
2 .
z £¥ao
~ IYESSYS ATITTMAYOOINOOAM WIASSSASOSYE OSTIIVHIO4SISTLIOASOITIAIT : QUTTWMIDD £ 2Y
< 4:(609, 190D
S
-
=
= MNSYO0O0OZAXAVYIAAAITTSSIITIAADL
£AqD
9SS 9 S8SHDSIYIVIIDIVINSYAIITIYAVYOODINDOD XM
4- (009,
¥ I1IXSSASOSUYIADSTIVIEIODIdSTSTIVASDODI TATI Y reuTTUISb 97

[R- (400,

S9OUSNDIS DUTTWIDS UTRYD IgbTT

U.S. Patent



0£Q0 SNUI 8S09Nd 8286000
0tdo [ejusied LIBL00 | 0803

6 ‘Sid

US 8,207,303 B2

(JwyBr) qy
001 0l . 10 100 1000 10000 100000
Ge-
= e \x- g | VN
= 6z
2
&
a 196) ‘esoonjop 0£QD o _, c @
S 9,00 ‘85009 050D« ul..\\m
p 8500My3p 000
= ¥o0lq 196} ‘0ea0 1eeed 5 : SL
¥00Q 910D ‘0500 [EIUBRd v %"
13802000 I
o aemsss R raNENO NN aSRl ISR AR ATE FAAR TR SEAAE R 4 000 N B0 04 OTR OB ESAHS PRI POBIORERLIRSAREOEE RUTSAY RSN POEIESIESSOATES B PRI BOOES SOORARENS POOEPE X..cou_._._.

go¢ Apogiue gL go-ue ym AiAioe 9Hay Jo apexyoo)g

U.S. Patent



0I ‘S1

%00} X (qQy ou - x-uoju] ) 7 (qQy ou - ajdwes) = oudads Juaaiad

US 8,207,303 B2

(i) qy (Tw/br) qy
00} 0} } 10 00 1000 100070 001 01 | 10 100 1000 10000
Ol- OL-
nk m m
m 0l \\..ilh. 0
m 0g =° 0L =2
y -
5 5
a 05 @ adfios| e @
“., 0 N omn_o v Qm
P S0P 0ea) m
—
. 06 Ob
018 -
m__wmu ._QN._M “_ww _%mc_.“.._:_._ 01180 49-100}
S[|99 10399310 9SNON

S{|29 10)93)jo UrWNY pue asnow Yum Aesse HHQqy jo uosiiedwon

U.S. Patent



[] B1

(jwybr) *ou0d (uBri) -ou0

gor o L 10 100 1000 10000 Soom..m. oL O L 40 100 1000 L0000 100000 sso%w

US 8,207,303 B2

e 0'0

< A1 1/ 0
S “ T ¥ 6 @ S
e o O
= 05 2 0 2

adfjos; a ® mmazom_ A 0z "

' v
o JP0SAD Y 00l :MM% "
v
< Ud) ® 67l W
)
= opey /1 05°} oney 3/1 05:
s} ouA pue g6z sediey Ypm 0£qd 290V s[jo) oufn pue ggz sediey Yim 0£qI 19AY
Z# Juowadx3 L# Juswiliedx3

poo|q snfjowoufs buisn Aesse yHqy

U.S. Patent



US 8,207,303 B2

1

MONOCLONAL ANTIBODIES AGAINST
CD30 LACKING IN FUCOSYL RESIDUES

BACKGROUND OF THE INVENTION

The CD30 cell surface molecule 1s a member of the tumor
necrosis factor receptor (TNF-R) superfamily. This family of
molecules has variable homology among its members and
includes nerve growth factor receptor (NGFR), CD120(a),
CD120(b), CD27, CD40 and CD95. These molecules are
typically characterized by the presence of multiple cysteine-
rich repeats 1n the extracytoplasmic region (de Bruin, P. C., et
al. Leukemia 9:1620-1627 (1993)). Members of this family
are considered crucial for regulating proliferation and differ-
entiation of lymphocytes.

CD30 1s a type I transmembrane glycoprotein with six
(human) or three (murine and rat) cysteine-rich repeats with a
central hinge sequence. CD30 exists as a 120 kDa membrane
molecule which develops from an intercellular precursor pro-
tein of 90 kDa. It 1s shed from the cell surface as a soluble
protein (sCD30) of approximately 90 kDa. Shedding of
sCID30 occurs as an active process of viable CD30 cells and 1s
not merely caused by the release from dying or dead cells.
cDNAs encoding the CD30 protein have been cloned from
expression libraries of the HLTV-1 human T-cell line HUT-
102 by immunoscreening with monoclonal antibodies Ki-1
and Ber-H2 (Schwab, U., et al. Nature 299:65 (1982)). The
mouse and rat CD30 ¢cDNA has been found to encode 498 and
493 amino acids, respectively. Human CD30 ¢cDNA encodes
an additional 90 amino acids, partially duplicated from one of
the cysteine rich domains. The CD30 gene has been mapped
to 1p36 1n humans and 5936.2 1n rats.

CD30 1s preferentially expressed by activated lymphoid
cells. Specifically, stimulation of CD30 1n lymphoid cells has
been shown to induce pleiotropic biological effects, including,
proliferation, activation, differentiation and cell death,
depending on cell type, stage of differentiation and presence
of other stimuli (Gruss, H. I. et al., Blood 83:2045-2056
(1994)). CD30 was originally i1dentified by the monoclonal
antibody Ki-1, which 1s reactive with antigens expressed on
Hodgkin and Reed-Sternberg cells of Hodgkin’s disease
(Schwab et al., Nature 299:65 (1982)). Accordingly, CD30 1s
widely used as a clinical marker for Hodgkin’s lymphoma

and related hematological malignancies (Froese et al., J.
Immunol. 139:2081 (1987);, Carde et al., Fur. J Cancer

26:4774 (1990)).

CD30 was subsequently shown to be expressed on a subset
of non-Hodgkin’s lymphomas (NHL), including Burkitt’s
lymphoma, anaplastic large-cell lymphomas (ALCL), cuta-
neous T-cell lymphomas, nodular small cleaved-cell lympho-
mas, lymphocytic lymphomas, peripheral T-cell lymphomas,
Lennert’s lymphomas, immunoblastic lymphomas, T-cell
leukemia/lymphomas (ATLL), adult T-cell leukemia
(T-ALL), and entroblastic/centrocytic (cb/cc) follicular Iym-
phomas (Stein et al., Blood 66:848 (1985); Miettinen, Arch.
Pathol. Lab. Med. 116:1197 (1992); Piris et al., Histopatliol-
ogy 17:211 (1990); Bums et al., Am. J. Clin. Pathol 93:327
(1990); and Eckert et al., Am. J. Dermatopathol. 11:345
(1989)), as well as several virally-transformed lines such as
human T-Cell Lymphotrophic Virus 1 or II transformed
T-cells, and Epstein-Barr Virus transiformed B-cells (Stein et
al., Blood 66:848 (1985); Andreesen et al., Blood 63:1299
(1984)). In addition, CD30 expression has been documented
in embryonal carcinomas, nonembryonal carcinomas, malig-
nant melanomas, mesenchymal tumors, and myeloid cell
lines and macrophages at late stages of differentiation

(Schwarting et al., Blood 74:1678 (1989); Pallesen et al., Am
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J. Pathol. 133:446 (1988); Mechtersheirner et al., Cancer
66:1732 (1990); Andreesen et al., Am. J. Pathol. 134:187

(1989)).

Since the percentage ol CD30-positive cells in normal
individuals 1s quite small, the expression of CD30 1n tumor
cells renders 1t an important target for antibody mediated
therapy to specifically target therapeutic agents against
CD30-positive neoplastic cells (Chaiarle, R., et al. Ciin.
Immunol 90(2):157-164 (1999)). Antibody mediated therapy
has been shown to increase cytotoxicity of CD30-positive
cells by both complement activation and antibody dependent
cellular cytotoxicity (ADCC) (Pohl C., et al. Int J Cancer
54:418 (1993)). However, while the results obtained to date
clearly establish CD30 as a useful target for immunotherapy,
they also show that currently available murine antibodies do
not constitute ideal therapeutic agents. Passive antibody
therapy has not been effective in vitro or 1 vivo against
patients with refractory Hodgkin’s disease. A climical trial of
the anti-CD30 antibody Ber-H2 showed localization of the
antibody, but no responses (Falim1 B. et al. (1992) Brit J
Haematol. 82:38-45; Koon, H. B. et al. (2000) Curr Opin in
Oncol. 12:588-593). Through coupling of an anti-CID30 anti-
body to a deglycosylated Ricin toxin-A chain toxin, cytotox-
icity was shown in the treatment of human Hodgkin’s Disease

in a SCID mouse model, although grade 3 toxicities were also
seen 1n the subjects (Schell, R et al. (2002) Annals of Oncol-

ogy 13:57-66).

Accordingly, the need exists for improved therapeutic anti-
bodies against CD30 which are more eflective for treating
and/or preventing diseases mediated by CD30.

SUMMARY OF THE INVENTION

The present invention provides 1solated defucosylated anti-
bodies (1.e., antibodies lacking fucose residues) that bind to
human CD30 and exhibit enhanced antibody directed cellular
cytotoxic (ADCC) killing of CD30-expressing cells, as com-
pared to the non-defucosylated form of the antibody (1.e.,
antibodies containing fucose residues). Also provided are
methods for treating a variety of diseases mvolving CD30
expression using the antibodies and compositions of the
invention.

In one aspect, the invention pertains to an 1solated defuco-
sylated monoclonal antibody, or an antigen-binding portion
thereof, wherein the antibody binds to human CD30 with a
K,, of 10x107° M or less, more preferably 1x107° M or less,
more preferably 5x1077 or less or even more preferably,
1x107" or less.

The defucosylated antibodies of the present invention bind
to CD30 and inhibit the growth of cells expressing CD30 by
enhancing antibody dependent cellular cytotoxicity (ADCC)
in the presence of human effector cells (e.g., monocytes or
mononuclear cells), as compared to the fucosylated form of
the antibody. In one embodiment, the defucosylated antibody
mediates increased ADCC of cells expressing CD30 1n the
presence of human effector cells but not 1n the presence of
mouse elfector cells.

In a preferred embodiment, a defucosylated antibody of the
invention induces ADCC of L1236 cells 1n vitro wherein the
fucosylated form of the antibody does not induce ADCC,
under conditions of an antibody concentration of 0.1 pg/ml
and a target cell to etlector cell ratio of 1:50. In another
preferred embodiment, a defucosylated antibody of the
invention enhances ADCC of 1.540, L428 and Karpas cells 1n
vitro compared to the fucosylated form of the antibody, under
conditions of an antibody concentration of 0.1 ug/ml and a
target cell to effector cell ratio of 1:50. Accordingly, the
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antibodies of the present invention provide an improved
means for treating disorders characterized by CD30 expres-
S1011.

Preferably, the defucosylated antibody of the invention 1s a
monoclonal antibody. In one aspect, the invention pertains to
a humanized or chimeric monoclonal antibody. Preferably,
the humanized or chimeric antibody 1s prepared from a mouse
ant1-CD30 antibody selected from the group consisting of:
ACI10, HeFi-1, Ber-H2, Ki-1, Ki-4, HRS-3, Irac, HRS-4,
M44, M6/, Ber-HS. In another aspect, the invention pertains

to a human monoclonal antibody.
In one embodiment of the invention, the human mono-

clonal antibody comprises:
(a) a heavy chain variable region comprising an amino acid

sequence selected from the group consisting of SEQ ID
NOs: 1, 2 and 3; and

(b) a light chain variable region comprising an amino acid
sequence selected from the group consisting of SEQ 1D

NOs: 4, 5 and 6.
wherein the antibody binds CD30 and lacks fucose resi-

dues.
A preferred combination comprises:

(a) a heavy chain variable region comprising the amino
acid sequence of SEQ ID NO: 1; and

(b) a light chain variable region comprising the amino acid
sequence of SEQ ID NO: 4.

Another preferred combination comprises:

(a) a heavy chain variable region comprising the amino
acid sequence of SEQ ID NO: 2; and

(b) a light chain variable region comprising the amino acid
sequence of SEQ ID NO: 3.

Another preferred combination comprises:

(a) a heavy chain variable region comprising the amino
acid sequence of SEQ ID NO: 3; and

(b) a light chain variable region comprising the amino acid
sequence of SEQ ID NO: 6.

In another aspect, the invention provides a defucosylated

ant1-CD30 antibody comprising:

a heavy chain variable region that comprises CDRI,
CDR2, and CDR3 sequences; and a light chain variable
region that comprises CDR1, CDR2, and CDR3
sequences, wherein:

(a) the heavy chain vanable region CDR1 sequence com-
prises an amino acid sequence selected from the group
consisting of amino acid sequences of SEQ ID NOs: 7, 8,
and 9;:

(b) the heavy chain variable region CDR2 sequence com-
prises an amino acid sequence selected from the group
consisting of amino acid sequences of SEQ ID NOs: 10,
11, and 12;

(c) the heavy chain variable region CDR3 sequence com-
prises an amino acid sequence selected from the group
consisting of amino acid sequences of SEQ ID NOs: 13,
14, and 15;:

(a) the light chain variable region CDR1 sequence com-
prises an amino acid sequence selected from the group
consisting of amino acid sequences of SEQ ID NOs: 16,
17, and 18;

(a) the light chain variable region CDR2 sequence com-
prises an amino acid sequence selected from the group
consisting of amino acid sequences of SEQ ID NOs: 19,
20, and 21; and

(a) the light chain vanable region CDR3 sequence com-
prises an amino acid sequence selected from the group
consisting of amino acid sequences of SEQ ID NOs: 22,
23, and 24;

wherein the antibody binds CID30 and lacks fucose resi-

dues.
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A preferred combination comprises:
(a) a human heavy chain variable region CDR1 comprising
SEQ ID NO:7;
(b) a human heavy chain variable region CDR2 comprising
SEQ ID NO:10;
(¢) a human heavy chain variable region CDR3 comprising
SEQ ID NO:13;
(d) a human light chain vaniable region CDR1 comprising
SEQ ID NO:16;
(¢) a human light chain vaniable region CDR2 comprising
SEQ ID NO:19; and
(1) a human light chain variable region CDR3 comprising
SEQ ID NO:22.
Another preferred combination comprises:
(a) a human heavy chain variable region CDR1 comprising
SEQ ID NO:8;
(b) a human heavy chain variable region CDR2 comprising
SEQ ID NO:11;
(¢) a human heavy chain variable region CDR3 comprising
SEQ ID NO:14;
(d) a human light chain variable region CDR1 comprising
SEQ ID NO:17;
(¢) a human light chain variable region CDR2 comprising
SEQ ID NO:20; and
(1) a human light chain variable region CDR3 comprising
SEQ ID NO:23.
Yet another preferred combination comprises:
(a) a human heavy chain variable region CDR1 comprising
SEQ ID NO:9;
(b) a human heavy chain variable region CDR2 comprising
SEQ ID NO:12;
(¢) a human heavy chain variable region CDR3 comprising
SEQ ID NO:15;
(d) a human light chain vanable region CDR1 comprising
SEQ ID NO:18;
(¢) a human light chain vaniable region CDR2 comprising
SEQ ID NO:21; and
(1) a human light chain variable region CDR3 comprising
SEQ ID NO:24.

In another aspect, the invention provides a defucosylated
human ant1-CD30 antibody which comprises a heavy chain
variable region that 1s a product of or dertved from a human
V., 4-34 or V,, 3-07 gene. The 1nvention also provides a
defucosylated human anti-CD30 antibody which comprises a
light chain variable region that 1s a product of or derived from
a human V, .15, A27 or L6 gene. The invention still further
provides a defucosylated human anti-CD30 antibody which
comprises a heavy chain variable region that 1s a product of or
derived from a human V. 4-34 or V., 3-07 gene and a light
chain variable region that 1s a product of or derived from a
human V, L15, A27 or L6 gene.

In another aspect, the invention pertains to a host cell
comprising immunoglobulin heavy and light chain genes
encoding an ant1-CD?30 antibody, wherein said host cell lacks
a fucosyltransierase such that the anti-CD30 antibody
expressed by said host cell lacks fucose residues. Preferably,
the immunoglobulin heavy and light chain genes are human
immunoglobulin heavy and light chain genes. Preferably, the
fucosyltransterase 1s FUTS. Preferably, the host cell 1s a CHO
cell.

In another aspect, the invention provides a method of inhib-
iting growth of CD30™ cells. The method involves contacting
the cells with a defucosylated ant1-CD30 antibody under con-
ditions sufficient to induce antibody-dependent cellular cyto-
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toxicity (ADCC) of said cells. The cells can be, for example,
tumor cells. Preferably, the anti-CD30 antibody 1s a human

antibody.

The mvention also provides a method of inhibiting growth
of tumor cells expressing CD30 1n a subject. The method
involves administering to the subject a defucosylated anti-
CD30 antibody in an amount effective to inhibit growth of
tumor cells expressing CD30 1n the subject. Preferably, the
ant1-CD30 antibody 1s a human antibody. In preferred
embodiments, the tumor cells are Hodgkin’s Disease (HD)
tumor cells or anaplastic large-cell lymphoma (ALCL) tumor
cells.

Other features and advantages of the instant invention will
be apparent from the following detailed description and
examples which should not be construed as limiting. The
contents of all references, Genbank entries, patents and pub-
lished patent applications cited throughout this application
are expressly incorporated herein by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows the nucleotide sequence (SEQ 1D NO: 30)
and amino acid sequence (SEQ ID NO: 1) of the heavy chain
variable region of the SF11 human monoclonal antibody. The
CDRI1 (SEQ ID NO: 7), CDR2 (SEQ ID NO: 10) and CDR3
(SEQ ID NO: 13) regions are delineated and the V, D and ]
germline derivations are indicated.

FIG. 1B shows the nucleotide sequence (SEQ ID NO: 33)
and amino acid sequence (SEQ ID NO: 4) of the light chain
variable region of the SF11 human monoclonal antibody. The
CDRI1 (SEQID NO: 16), CDR2 (SEQ ID NO: 19) and CDR3
(SEQ ID NO: 22) regions are delineated and the V and ]
germline dertvations are indicated.

FIG. 2A shows the nucleotide sequence (SEQ 1D NO: 31)
and amino acid sequence (SEQ ID NO: 2) of the heavy chain
variable region of the 17G1 human monoclonal antibody. The
CDRI1 (SEQ ID NO: 8), CDR2 (SEQ ID NO: 11) and CDR3
(SEQ ID NO: 14) regions are delineated and the V and ]
germline dertvations are indicated.

FIG. 2B shows the nucleotide sequence (SEQ ID NO: 34)
and amino acid sequence (SEQ ID NO: 5) of the light chain
variable region of the 17G1 human monoclonal antibody. The
CDRI1 (SEQID NO: 17), CDR2 (SEQ ID NO: 20) and CDR3
(SEQ ID NO: 23) regions are delineated and the V and ]
germline dertvations are indicated.

FIG. 3A shows the nucleotide sequence (SEQ 1D NO: 32)
and amino acid sequence (SEQ ID NO: 3) of the heavy chain

variable region of the 2H9 human monoclonal antibody. The
CDR1 (SEQ ID NO: 9), CDR2 (SEQ ID NO: 12) and CDR3

(SEQ ID NO: 15) regions are delineated and the V, D, and ]
germline dertvations are indicated.

FIG. 3B shows the nucleotide sequence (SEQ ID NO: 35)
and amino acid sequence (SEQ ID NO: 6) of the light chain
variable region of the 2ZH9 human monoclonal antibody. The
CDRI1 (SEQID NO: 18), CDR2 (SEQ ID NO: 21) and CDR3
(SEQ ID NO: 24) regions are delineated and the V and ]
germline derivations are indicated.

FI1G. 4 1s a graph showing the cytotoxic cell killing activity
of the fucosylated and defucosylated forms of 5F11 on the
[.540 human Hodgkin’s lymphoma cell line, as compared to
an 1sotype-matched control antibody (1D4).

FI1G. 5 1s a graph showing the cytotoxic cell killing activity
of the fucosylated and defucosylated forms of 5F11 on the
[.428 human Hodgkin’s lymphoma cell line, as compared to
an 1sotype-matched control antibody (1D4).

FIG. 6 1s a graph showing the cytotoxic cell killing activity
of the fucosylated and defucosylated forms of 5F11 on the
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[.1236 human Hodgkin’s lymphoma cell line, as compared to
an 1sotype-matched control antibody (1D4).

FIG. 7 1s a graph showing the cytotoxic cell killing activity
of the fucosylated and defucosylated forms of SF11 on the
Karpas human T cell lymphoma cell line, as compared to an
1sotype-matched control antibody (1DD4).

FIGS. 8 A-8B show the amino acid sequences of the human
germlines V,, 3-11, V.. L15, V. A27, and V. L6 (SEQ ID
NOs:25-29, respectively), the CDRs are delineated.

FIG. 9 1s a graph showing blockade of ADCC activity with
an anti-CD16 antibody.

FIG. 10 1s a graph showing the cytotoxic cell killing activ-
ity of the fucosylated and defucosylated forms of SF11 in the
presence of mouse (left panel ) or human (right panel) effector
cells.

FIG. 11 1s a graph showing an ADCC assay using cyno-
molgus blood.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides antibody compositions and
improved associated with CD30 and/or CD30 expressing
cells. The antibodies of the invention lack fucosyl residues on

the antibody carbohydrate chains. Furthermore, the antibod-
ies exhibit enhanced antibody directed cellular cytotoxic
(ADCC) killing of CD30+ cells. In a particular embodiment,
the antibody of the current invention 1s capable of killing
CD30+ cells under conditions in which the fucosylated form
of the antibody would not effectively kill CD30+ cells. In
another embodiment, the antibody of the current invention
enhances killing of CD30+ cells compared to the fucosylated
form of the antibody. In one embodiment, the antibodies of
the present mvention are fully human antibodies and are
particularly usetul for the therapeutic treatment 1n humans of
disorders associated with CD30 expressing cells. Methods of
using ant1-CD30 antibodies lacking fucosyl residues for
therapeutic treatment (e.g., to treat and/or prevent diseases
associated with expression of CD30) are also encompassed
by the invention.

In order that the present invention may be more readily
understood, certain terms will be defined as follows. Addi-
tional definitions are set forth throughout the detailed descrip-
tion.

The terms “CD30” and “CD30 antigen” are used inter-
changeably herein, and include any variants, 1soforms and
species homologs of human CD30 which are naturally
expressed by cells. The complete amino acid sequence of
human CD30 protein has the Genbank accession number
NP__001234. The complete cDNA sequence encoding the
human CD30 protein has the Genbank accession number
NM_ 001243.

As used herein, the terms “antibody that lacks fucose resi-
dues’ and “defucosylated antibody” are used interchangeably
and are intended to refer to an antibody 1n which the carbo-
hydrate portion of the antibody does not contain a fucosyl
residue or from which the fucosyl residue has been removed.
An antibody that lacks fucose residues can be generated, for
example, by expression of the antibody 1n a cell or expression
system that minimizes or does not attach fucosyl residues to
the antibody carbohydrate chain, or by chemical modification
of the antibody to remove fucosyl residues from the carbohy-
drate chain (e.g. treatment of the antibody with a fucosidase).
As such, the terms “lacks fucose residues™ and “defucosy-
lated” are not intended to be limited by the mechanism by
which the antibody with altered carbohydrate structure 1s
prepared.



US 8,207,303 B2

7

As used herein, the term “antibody expressing fucose resi-
dues” and “fucosylated antibody™ are used interchangeably
and are intended to refer to an antibody 1n which the carbo-
hydrate portion of the antibody contains fucose.

The term “immune response” refers to the action of, for
example, lymphocytes, antigen presenting cells, phagocytic
cells, granulocytes, and soluble macromolecules produced by
the above cells or the liver (including antibodies, cytokines,
and complement) that results in selective damage to, destruc-
tion of, or elimination from the human body of invading
pathogens, cells or tissues infected with pathogens, cancerous
cells, or, 1n cases of autoimmunity or pathological inflamma-
tion, normal human cells or tissues.

Asused herein, the term “effector cell” refers to an immune
cell which 1s involved 1n the effector phase of an 1mmune
response, as opposed to the cognitive and activation phases of
an immune response. Exemplary immune cells include a cell
of a myeloid or lymphoid origin, ¢.g., lymphocytes (e.g., B
cells and T cells including cytolytic T cells (C1Ls)), killer
cells, natural killer cells, macrophages, monocytes, eosino-
phils, neutrophils, polymorphonuclear cells, granulocytes,
mast cells, and basophils. Some effector cells express specific
Fc receptors and carry out specific immune functions. In
preferred embodiments, an effector cell 1s capable of induc-
ing antibody-dependent cell-mediated cytotoxicity (ADCC),
e.g. a neutrophil capable of mnducing ADCC. For example,
monocytes and macrophages, which express FcR are
involved 1n specific killing of target cells and presenting anti-
gens to other components of the immune system, or binding
to cells that present antigens. In other embodiments, an effec-
tor cell can phagocytose a target antigen or target cell. The
expression ol a particular FcR on an effector cell can be
regulated by humoral factors such as cytokines. For example,
expression ol FcaRlI has been found to be up-regulated by
G-CSF or GM-CSF. This enhanced expression increases the
elfector function of FcaRI-bearing cells against targets. An
elfector cell can phagocytose or lyse a target antigen or a
target cell.

“Target cell” refers to any cell or pathogen whose elimina-
tion would be beneficial 1n a subject (e.g., a human or animal)
and that can be targeted by a composition (e.g., antibody) of
the 1nvention. For example, the target cell can be a cell
expressing or overexpressing CD30.

The term “antibody-dependent cellular cytotoxicity™ or
“ADCC” refers to a cell-mediated cytotoxic reaction in which
a CD30+ target cell with bound anti-CD30 antibody 1s rec-
ognized by an eflector cell bearing Fc receptors and 1s sub-
sequently lysed without requiring the involvement of comple-
ment.

As used herein, the term “enhances ADCC” (e.g. referring
to cells) 1s intended to include any measurable increase in cell
lysis when contacted with an anti-CD30 antibody lacking
tucosyl residues as compared to the cell killing of the same
cell 1n contact with a fucosylated anti-CID30 antibody in the
presence of eflector cells (for example, at a ratio of target
cells:effector cells of 1:50), e.g., an increase 1n cell lysis by at
least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 100%, 150%, 200%, 250%, 300%, or 325%.

The term “antibody” as referred to herein includes whole
antibodies and any antigen binding fragment (1.¢., “antigen-
binding portion™) or single chains thereof. An “antibody”™
refers to a glycoprotein comprising at least two heavy (H)
chains and two light (L) chains 1nter-connected by disulfide
bonds, or an antigen binding portion thereof. Each heavy
chain 1s comprised of a heavy chain variable region (abbre-
viated herein as V ;) and a heavy chain constant region. The
heavy chain constant region 1s comprised of three domains,
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C:, Cq, and C,4. Each light chain 1s comprised of a light
chain variable region (abbreviated herein as V, ) and a light
chain constant region. The light chain constant region 1s com-
prised of one domain, C,. The V. and V; regions can be
further subdivided into regions of hypervanability, termed
complementarity determining regions (CDR), interspersed
with regions that are more conserved, termed framework
regions (FR). EachV ,and V; 1s composed of three CDRs and
four FRs, arranged from amino-terminus to carboxy-termi-
nus 1n the following order: FR1, CDR1, FR2, CDR2, FR3,
CDR3, FR4. The vaniable regions of the heavy and light
chains contain a binding domain that interacts with an anti-
gen. The constant regions of the antibodies may mediate the
binding of the immunoglobulin to host tissues or factors,
including various cells of the immune system (e.g., effector
cells) and the first component (C1q) of the classical comple-
ment system.

The term “antigen-binding portion” of an antibody (or
simply “antibody portion™), as used herein, refers to one or
more fragments of an antibody that retain the ability to spe-
cifically bind to an antigen (e.g. CD30). It has been shown that
the antigen-binding function of an antibody can be performed
by fragments of a full-length antibody. Examples of binding
fragments encompassed within the term “antigen-binding
portion” of an antibody 1nclude (1) a Fab fragment, a monova-
lent fragment consisting of the V,, V., C, and C,,;, domains;
(11) a F(ab"), fragment, a bivalent fragment comprising two
Fab fragments linked by a disulfide bridge at the hinge region;
(111) a Fd fragment consisting of the V ,,and C,,, domains; (1v)
a Fv fragment consisting ofthe V, and V,,domains of a single

arm of an antibody, (v) a dAb fragment (Ward et al., (1989)
Nature 341:544-546), which consists of a V., domain; and
(v1) an 1solated complementarity determining region (CDR).
Furthermore, although the two domains of the Fv fragment,
V, and V,, are coded for by separate genes, they can be
joined, using recombinant methods, by a synthetic linker that
enables them to be made as a single protein chain 1n which the
V, and V, regions pair to form monovalent molecules

(known as single chain Fv (scFv); see e.g., Bird et al. (1988)
Science 242:423-426; and Huston et al. (1988) Proc. Natl.

Acad. Sci. USA 85:58°79-5883). Such single chain antibodies
are also intended to be encompassed within the term “anti-
gen-binding portion” of an antibody. These antibody frag-
ments are obtained using conventional techniques known to
those with skill in the art, and the fragments are screened for
utility 1n the same manner as are intact antibodies.

The term “recombinant human antibody™, as used herein,
includes all human antibodies that are prepared, expressed,
created or 1solated by recombinant means, such as (a) anti-
bodies 1solated from an animal (e.g., a mouse) that 1s trans-
genic or transchromosomal for human immunoglobulin
genes or a hybridoma prepared theretfrom (described further
below), (b) antibodies 1solated from a host cell transformed to
express the human antibody, e.g., from a transfectoma, (c)
antibodies 1solated from a recombinant, combinatorial
human antibody library, and (d) antibodies prepared,
expressed, created or 1solated by any other means that involve
splicing of human immunoglobulin gene sequences to other
DNA sequences. Such recombinant human antibodies have
variable regions 1n which the framework and CDR regions are
derived from human germline immunoglobulin sequences. In
certain embodiments, however, such recombinant human
antibodies can be subjected to 1n vitro mutagenesis (or, when
an animal transgenic for human Ig sequences 1s used, 1n vivo
somatic mutagenesis) and thus the amino acid sequences of
the V. and V, regions of the recombinant antibodies are
sequences that, while derived from and related to human
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germlineV ,and V, sequences, may not naturally exist within
the human antibody germline repertoire 1n vivo.

The terms “monoclonal antibody™ or “monoclonal anti-
body composition” as used herein refer to a preparation of
antibody molecules of single molecular composition. A
monoclonal antibody composition displays a single binding,
specificity and affinity for a particular epitope.

The term “human antibody™, as used herein, 1s intended to
refer to antibodies having variable regions in which both the
framework and CDR regions are derived from human germ-
line immunoglobulin sequences. Furthermore, if the antibody
contains a constant region, the constant region also 1s dertved
from human germline immunoglobulin sequences. The
human antibodies of the mvention may include amino acid
residues not encoded by human germline immunoglobulin
sequences (e.g., mutations introduced by random or site-
specific mutagenesis 1n vitro or by somatic mutation in vivo).

The term “human monoclonal antibody™ refers to antibod-
1ies displaying a single binding specificity which have variable
regions 1n which both the framework and CDR regions are
derived from human germline immunoglobulin sequences. In
one embodiment, the human monoclonal antibodies are pro-
duced by a hybridoma which includes a B cell obtained from
a transgenic nonhuman animal, e.g., a transgenic mouse,
having a genome comprising a human heavy chain transgene
and a light chain transgene fused to an immortalized cell. The
term “human monoclonal antibody”, as used herein, also
includes all human antibodies that are prepared, expressed,
created or 1solated by recombinant means, such as (a) anti-
bodies 1solated from an animal (e.g., a mouse) that 1s trans-
genic or transchromosomal for human immunoglobulin
genes or a hybridoma prepared theretfrom (described further
below), (b) antibodies 1solated from a host cell transformed to
express the human antibody, e.g., from a transfectoma, (c)
antibodies 1solated from a recombinant, combinatorial
human antibody library, and (d) antibodies prepared,
expressed, created or 1solated by any other means that involve
splicing of human immunoglobulin gene sequences to other
DNA sequences. Such recombinant human antibodies have
variable regions in which the framework and CDR regions are
derived from human germline immunoglobulin sequences. In
certain embodiments, however, such recombinant human
antibodies can be subjected to 1n vitro mutagenesis (or, when
an animal transgenic for human Ig sequences 1s used, 1n vivo
somatic mutagenesis) and thus the amino acid sequences of
the V,, and V, regions of the recombinant antibodies are
sequences that, while dernived from and related to human
germline V., and V, sequences, may not naturally exist within
the human antibody germline repertoire 1n vivo.

An “1solated antibody,” as used herein, 1s intended to refer
to an antibody which 1s substantially free of other antibodies
having different antigenic specificities (e.g., an 1solated anti-
body that specifically binds to CD?30 1s substantially free of
antibodies that specifically bind antigens other than CD30).
An 1solated antibody that specifically binds to an epitope,
1soform or variant of human CD30 may, however, have cross-
reactivity to other related antigens, e.g., from other species
(e.g., CD30 species homologs). Moreover, an 1solated anti-
body may be substantially free of other cellular material
and/or chemicals. In one embodiment of the invention, a
combination of “1solated” monoclonal antibodies having dii-
ferent specificities are combined 1n a well defined composi-
tion.

The term “humanized antibody” i1s mntended to refer to
antibodies 1n which CDR sequences derived from the germ-
line of another mammalian species, such as a mouse, have
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been grafted onto human framework sequences. Additional
framework region modifications may be made within the
human framework sequences.

The term “chimeric antibody™ 1s intended to refer to anti-
bodies 1n which the variable region sequences are derived
from one species and the constant region sequences are
derived from another species, such as an antibody 1n which
the variable region sequences are derived from a mouse anti-
body and the constant region sequences are derived from a
human antibody.

The term “epitope” means a protein determinant capable of
specific binding to, or specific binding by, an antibody.
Epitopes usually consist of chemically active surface group-
ings of molecules such as amino acids or sugar side chains
and usually have specific three dimensional structural char-

il

acteristics, as well as specific charge characteristics. Confor-
mational and nonconformational epitopes are distinguished
in that the binding to the former but not the latter 1s lost in the
presence ol denaturing solvents.

As used herein, “specific binding” refers to antibody bind-
ing to a predetermined antigen. Typically, the antibody binds
with a dissociation constant (K ) of 107" M or less, and binds
to the predetermined antigen with a K , that 1s at least two-fold
less than 1ts K, for binding to a non-specific antigen (e.g.,
BSA, casein) other than the predetermined antigen or a
closely-related antigen. The phrases “an antibody recogniz-
ing an antigen” and “an antibody specific for an antigen” are
used interchangeably herein with the term “an antibody
which binds specifically to an antigen”.

As used herein, “1sotype” refers to the antibody class (e.g.,
IgM or Ig(G1) that 1s encoded by heavy chain constant region
genes.

The term “vector,” as used herein, 1s intended to refer to a
nucleic acid molecule capable of transporting another nucleic
acid to which it has been linked. One type of vector 1s a
“plasmid”, which refers to a circular double stranded DNA
loop 1nto which additional DNA segments may be ligated.
Another type of vector 1s a viral vector, wherein additional
DNA segments may be ligated into the viral genome. Certain
vectors are capable of autonomous replication 1n a host cell
into which they are introduced (e.g., bacterial vectors having
a bacterial origin of replication and episomal mammalian
vectors). Other vectors (e.g., non-episomal mammalian vec-
tors) can be imtegrated into the genome of a host cell upon
introduction into the host cell, and thereby are replicated
along with the host genome. Moreover, certain vectors are
capable of directing the expression of genes to which they are
operatively linked. Such vectors are referred to herein as
“recombinant expression vectors” (or sumply, “expression
vectors™). In general, expression vectors of utility 1n recom-
binant DNA techniques are often 1n the form of plasmids. In
the present specification, “plasmid” and “vector” may be used
interchangeably as the plasmid 1s the most commonly used
form of vector. However, the invention 1s intended to include
such other forms of expression vectors, such as viral vectors
(e.g., replication defective retroviruses, adenoviruses and
adeno-associated viruses), which serve equivalent functions.

The term “recombinant host cell” (or simply “host cell™),
as used herein, 1s intended to refer to a cell into which a
recombinant expression vector has been introduced. It should
be understood that such terms are intended to refer not only to
the particular subject cell but to the progeny of such a cell.
Because certain modifications may occur 1n succeeding gen-
erations due to either mutation or environmental influences,
such progeny may not, 1n fact, be 1dentical to the parent cell,
but are still included within the scope of the term “host cell”
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as used herein. Recombinant host cells include, for example,
CHO cells, transfectomas, and lymphocytic cells.

As used herein, the term ““subject” includes any human or
nonhuman animal. The term “nonhuman animal” includes all
vertebrates, e.g., mammals and non-mammals, such as non-
human primates, sheep, dogs, cats, horses, cows, chickens,
amphibians, reptiles, etc.

The terms “transgenic, nonhuman animal” refers to a non-
human amimal having a genome comprising one or more
human heavy and/or light chain transgenes or transchromo-
somes (either integrated or non-integrated into the animal’s
natural genomic DNA) and which 1s capable of expressing
tully human antibodies. For example, a transgenic mouse can
have a human light chain transgene and either a human heavy
chain transgene or human heavy chain transchromosome,
such that the mouse produces human anti-CD30 antibodies
when immunized with CD30 antigen and/or cells expressing
CD30. The human heavy chain transgene can be integrated
into the chromosomal DNA of the mouse, as 1s the case for
transgenic, €.g., HUMAb mice, or the human heavy chain
transgene can be maintained extrachromosomally, as 1s the
case for transchromosomal (e.g., KM) mice as described 1n
WO 02/434°78. Such transgenic and transchromosomal mice
are capable of producing multiple 1sotypes of human mono-
clonal antibodies to CD30 (e.g., 1gG, IgA and/or IgE) by
undergoing V-D-J recombination and 1sotype switching.

Various aspects of the invention are described in further
detail 1n the following subsections.

Ant1-CD30 Antibodies Lacking Fucose Residues and Having
Enhanced ADCC Activity

The present invention relates to a defucosylated ant1-CD30
antibody with enhanced antibody directed cellular cytotoxic-
ity (ADCC) against cells expressing CD30 as compared to the
tucosylated form of the antibody. In a preferred embodiment,
a defucosylated antibody of the mvention induces ADCC of
L1236 cells in vitro wherein the fucosylated form of the
antibody does not induce ADCC, under conditions of an
antibody concentration o1 0.1 ug/ml and a target cell to effec-
tor cell ratio of 1:50. In another preferred embodiment, a
defucosylated antibody of the invention enhances ADCC of
[.540, L428 and Karpas cells 1n vitro compared to the tuco-
sylated form of the antibody, under conditions of an antibody
concentration of 0.1 ng/ml and a target cell to etffector cell
ratio of 1:30.

The increased ADCC activity of a defucosylated antibody
of the mvention can be quantitated, for example, as an
increase 1n percent cell lysis, as compared to the fucosylated
form of the antibody, when ADCC activity 1s measured under
the same conditions for the defucosylated and fucosylated
forms (e.g., same antibody concentrations and same target to
elfector cell ratios). Preferably, a defucosylated anti-CID30
antibody of the invention increases the percent lysis of
CD30+ cells as compared to the fucosylated form of the
antibody at least 1.25 fold (1.e., the ratio of the % lysis of the
defucosylated form to the fucosylated form 1s at least 1.25),
more preferably at least 2 fold, even more preferably at least
2.5 fold and even more preferably at least 3 fold. In various
embodiments, the defucosylated form of the antibody
increases percent lysis of CD30+ cells as compared to the
fucosylated form of the antibody from 1.25 to 3.25 fold,
preferably 1.5 to 3.25 fold, even more preferably 1.61 to 3.25
fold, even more preferably 2.15 to 3.25 fold, and even more
preferably 2.63 to 3.25 fold, preferably under conditions
where the antibody 1s at a concentration of 25 ug/ml and the
target to etflector cell ratio 1s 1:50.

Additionally or alternatively, the increased ADCC activity
of a defucosylated antibody of the mvention can be quanti-
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tated, for example, as an increased potency as measured by a
decrease 1n the EC., value for the detucosylated form, as
compared to the fucosylated form. This can be quantitated by
the ratio of the EC., for the fucosylated form to the defuco-
sylated form. Preferably, the EC., ratio of the fucosylated
form to the defucosylated form for ADCC of CD30+ cells 1s
at least 3 (1.e., the EC,,, of the defucosylated form 1s 3-fold
lower than the EC., of the fucosylated form), more prefer-
ably; at least 4, even more preferably at least 5, at least 7, at
least 10, at least 15 or at least 20. In various embodiments, the
EC., ratio of the fucosylated form to the defucosylated form
for ADCC of CD30+ cells 1s from 2 to 277.1, more preferably
from 4 to 27.1, even more preferably from 4.7 to 27.1, even
more preferably from 7.8 to 27.1, and even more preferably
from 11.1 to 27.1. Preferably, the EC50 values are determined
in ADCC assays that use a target to eflector cell ratio of 1:50
and antibody concentrations from 0.0001 ug/ml to 10 ug/ml
or higher.

Examples of CD30+ cell lines that can be used 1n the
ADCC assays of the mnvention and against which a defuco-
sylated antibody of the mvention exhibits enhanced ADCC
activity, as compared to the fucosylated form of the antibody,
include L340 cells (human Hodgkin’s lymphoma; DSMZ
Deposit No. ACC 72), L428 cells (human Hodgkin’s lym-
phoma; DSMZ Deposit No. ACC 197), L1236 cells (human
Hodgkin’s lymphoma; DSMZ Deposit No. ACC 530), and
Karpas cells (human T cell lymphoma; DSMZ Deposit No.
ACC 31). The enhanced ADCC effect by defucosylated anti-
CD30 antibodies may result in ADCC activity on CD30+
cells at antibody concentrations where ADCC would not be
observed with the fucosylated form of the antibody. For
example, 1n an 1n vitro ADCC assay with a target: effector cell
ratio of 1:50, ADCC due to a defucosylated ant1-CD30 anti-
body 1s observed with the CD30+ cell line L1236 at concen-
trations as low as 0.005 ug/ml, whereas no ADCC activity 1s
detected with the fucosylated anti-CID30 antibody at concen-
trations as high as 0.1 ug/ml.

Defucosylation of Anti-CD30 Antibodies

Ant1-CD30 antibodies (e.g., murine, chimeric, humanized
and human antibodies) are known 1n the art, and may be used
in the present invention. The anti-CD30 antibody of the
present invention 1s modified such that the antibody 1s lacking
in fucosyl residues. An antibody can be made that 1s lacking
in fucosyl residues by one of a variety of methods. For
example, the antibody can be expressed, using recombinant
DNA technology, in a cell with an altered glycosylation
mechanism such that addition of fucosyl residues to carbo-
hydrate chains 1s inhibited. Additionally or alternatively, an
antibody can be defucosylated through chemical removal of
the fucosyl residue.

In one embodiment, the antibody 1s expressed 1n a cell that
1s lacking 1n a fucosyltransierase enzyme such that the cell
line produces proteins lacking fucose in their carbohydrates.
For example, the cell lines Ms704, Ms705, and Ms709 lack
the fucosyltransierase gene, FUTS (alpha (1,6) fucosyltrans-
ferase), such that antibodies expressed 1n the Ms704, Ms703,
and Ms709 cell lines lack fucose on their carbohydrates. The
Ms704, Ms705, and Ms709 FUTS8 '~ cell lines were created
by the targeted disruption of the FUTS gene in CHO/DG44
cells using two replacement vectors (see U.S. Patent Publi-
cation No. 20040110704 by Yamane et al. and Yamane-
Ohnuki et al. (2004) Biotechnol Bioeng 87.614-22). As
another example, EP 1,176,195 by Hanai etal. describes acell
line with a functionally disrupted FUT8 gene, which encodes
a Tucosyl transierase, such that antibodies expressed in such a
cell line exhibit hypotucosylation by reducing or eliminating
the alpha 1,6 bond-related enzyme. Hanai1 et al. also describe
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cell lines which naturally have a low enzyme activity for
adding fucose to the N-acetylglucosamine that binds to the Fc
region of the antibody or does not have the enzyme activity,
for example the rat myeloma cell line YB2/0 (ATCC CRL
1662). PC'T Publication WO 03/035835 by Presta describes a
variant CHO cell line, Lec13 cells, with reduced ability to
attach fucose to Asn(297)-linked carbohydrates, also result-
ing 1n hypolucosylation of antibodies expressed in that host

cell (see also Shields, R. L. et al. (2002) J. Biol. Chem.
277:26733-26740). PCT1 Publication WO 99/54342 by
Umana et al. describes cell lines engineered to express gly-
coprotein-modifying glycosyl transierases (e.g., beta(1,4)-N-
acetylglucosaminyltransterase III (Gn'TIII)) such that anti-
bodies expressed in the engineered cell lines exhibit increased
bisecting GlcNac structures which results 1n increased ADCC
activity of the antibodies (see also Umana et al. (1999) Nat.
Biotech. 17:176-180).

In another embodiment, an anti-CD30 antibody 1s
expressed and the fucosyl residue(s) 1s cleaved using a fucosi-
dase enzyme. For example, the fucosidase alpha-L-fucosi-

dase removes fucosyl residues from antibodies (Tarentino, A.
L. etal. (1975) Biochem. 14:5516-23).

Additionally, 1n other embodiments, other forms of glyco-
sylation of an antibody are also modified. For example, an
aglycoslated antibody can be made (1.e., the antibody lacks
glycosylation). Such carbohydrate modifications can be
accomplished by, for example, altering one or more sites of
glycosylation within the antibody sequence. For example,
one or more amino acid substitutions can be made that result
in elimination of one or more variable region framework
glycosylation sites to thereby eliminate glycosylation at that
site. Such aglycosylation may increase the aifinity of the
antibody for antigen. Such an approach 1s described 1n further
detail 1n U.S. Pat. Nos. 5,714,350 and 6,350,861 by Co et al.
Characterization of Absence of Fucosyl Residues on Anti-
CD30 Antibodies

Antibodies of the invention lack fucosyl residues, for
example 1 the Fc portion carbohydrate chain. Antibodies can
be tested for the absence of fucosyl residues using standard
techniques known 1n the art, such as APTS capillary electro-
phoresis laser induced fluorescence. Brietly, the N-1nked oli-
gosaccharides of the purified anti-CD30 antibody can be
released by adding the peptide N-glycanase (Prozyme) and
incubating overmght. The carbohydrates are resuspended and
derivatized with 8-aminopyrene-1,3,6-trisulfonate (APTS)
under mild reductive amination conditions 1n which desialy-
lation and loss of fucosyl residues 1s minimized. The reaction
adducts are analyzed by capillary electrophoresis with a laser-
induced fluorescence detector (Beckman Coulter). An
absence of fucose can be observed by a shift in the electro-
phoresis compared to the same antibody containing fucose.
Another technique for testing the absence of fucose on anti-
CD30 antibodies 1s a monosaccharide analysis using HPLC.
Suitable assays to determine CD30 binding are further
described 1n the Examples.

Characterization of Antibody Dependent Cell Killing of
CD30+ Cells

Defucosylated ant1-CD30 antibodies can be tested for their
ability to mediate phagocytosis and killing of cells expressing
CD30. In one embodiment, a defucosylated anti-CID30 anti-
body enhances killing of cells expressing CD30 in compari-
son to the same antibody containing fucose when compared at
the same concentration. In another embodiment, a defucosy-
lated ant1-CD30 antibody induces killing of cells expressing
CD30 where the same antibody containing fucose does not
induce cell killing at the same concentration.
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The ADCC activity of a monoclonal antibody can be tested
in established 1n vitro assays. As an example, a chromium
release ADCC assay may be used. Briefly, peripheral blood
mononuclear cells (PBMCs), or other effector cells, from
healthy donors can be purified by Ficoll Hypaque density
centrifugation, followed by lysis of contaminating erythro-
cytes. Washed PBMCs can be suspended in RPMI supple-
mented with 10% heat-mnactivated fetal calf serum and mixed
with °'Cr labeled cells expressing CD30, at various ratios of
elfector cells to tumor cells (effector cells:tumor cells). Anti-
CD30 antibody can then be added at various concentrations.
An 1sotype matched antibody can be used as a negative con-
trol. Assays can be carried out for 4-18 hours at 37° C.
Samples can be assayed for cytolysis by measuring >'Cr
release 1nto the culture supernatant. Ant1-CD30 monoclonal
can also be tested 1n combinations with each other to deter-
mine whether cytolysis 1s enhanced with multiple mono-
clonal antibodies.

An alternative assay that can be used to test for anti-CID30
antibody ability to mediate phagocytosis and killing of cells
expressing CD30 1s a time resolved fluorometry assay.
Brietly, CD30 expressing cells are loaded with an acetoxym-
cthyl ester of fluorescence enhancing ligand (BATDA ), which
penetrates cell membranes. Inside the cell, the ester bonds are
hydrolized and the compound can no longer pass the cell
membrane. Ant1-CD30 antibody can then be added at various
concentrations. Following cytolysis, an europeum solution
(Perkin Flmer) 1s added and any iree ligand binds the
curopeum to form a highly fluorescent and stable chelate
(EuTDA) that can be read on a microplate reader (Perkin
Elmer). The measured signal correlates with the amount of
lysed cells.

Ant1-CD30 antibodies also can be tested 1n an in vivo
model (e.g., in mice) to determine their efficacy 1n mediating,
phagocytosis and killing of cells expressing CD30, e.g.,
tumor cells. These antibodies can be selected, for example,
based on the following criteria, which are not intended to be
exclusive:

1) binding to live cells expressing CD30;

2) high affinity of binding to CD30;

3) binding to a unique epitope on CD30 (to eliminate the
possibility that monoclonal antibodies with complimentary
activities when used 1n combination would compete for bind-
ing to the same epitope);

4) opsonization of cells expressing CD30;

5) mediation in vitro of growth inhibition, phagocytosis
and/or kllllng of cells expressing CD30 1n the presence of
human effector cells.

Preferred monoclonal antibodies of the invention meet one
or more of these criteria. In a particular embodiment, the
monoclonal antibodies are used in combination, e.g., as a
pharmaceutical composition comprising two or more anti-
CD30 monoclonal antibodies or fragments thereof. For
example, anti-CD30 monoclonal antibodies having different,
but complementary activities can be combined 1n a single
therapy to achieve a desired therapeutic or diagnostic etfect.
An 1llustration of this would be a composition containing an
ant1-CD30 monoclonal antibody that mediates highly etiec-
tive killing of target cells 1n the presence of effector cells,
combined with another ant1-CD30 monoclonal antibody that
inhibits the growth of cells expressing CID30.
Characterization of Binding to CD30

Antibodies of the mvention can be tested for binding to
CD30 by, for example, standard assays known 1n the art, such
as ELISA, FACS analysis and/or Biacore analysis. In a typi-
cal ELISA assay, brietly, microtiter plates are coated with
purified CD30 at 0.25 ng/ml i PBS, and then blocked with
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5% bovine serum albumin in PBS. Dilutions of antibody are
added to each well and incubated for 1-2 hours at 37° C. The
plates are washed with PBS/Tween and then incubated with
secondary reagent (e.g., for human antibodies or a goat-anti-
human IgG Fc-specific polyclonal reagent) conjugated to
alkaline phosphatase for 1 hour at 37° C. After washing, the
plates are developed with pNPP substrate (1 mg/ml), and
analyzed at OD of 403-650.

In order to demonstrate binding of monoclonal antibodies
to l1ve cells expressing the CD30, flow cytometry can be used.
In a typical (but non-limiting) example of a flow cytometry
protocol, cell lines expressing CD30 (grown under standard
growth conditions) are mixed with various concentrations of
monoclonal antibodies in PBS containing 0.1% BSA and
20% mouse serum, and incubated at 37° C. for 1 hour. After
washing, the cells are reacted with Fluorescein-labeled sec-
ondary antibody (e.g., anti-human IgG antibody) under the
same conditions as the primary antibody staining. The
samples can be analyzed by a FACScan mstrument using light
and side scatter properties to gate on single cells. An alterna-
tive assay using tluorescence microscopy may be used (in
addition to or 1nstead of) the tlow cytometry assay. Cells can
be stained exactly as described above and examined by fluo-
rescence microscopy. This method allows visualization of
individual cells, but may have diminished sensitivity depend-
ing on the density of the antigen.

Ant1-CD30 antibodies can be further tested for reactivity
with CD30 antigen by Western blotting. For example, cell
extracts from cells expressing CD30 can be prepared and
subjected to sodium dodecyl sulfate (SDS) polyacrylamide
gel electrophoresis. After electrophoresis, the separated anti-
gens are transferred to nitrocellulose membranes, blocked
with 20% mouse serum, and probed with the monoclonal
antibodies to be tested. Antibody binding can be detected
using anti-species specific secondary antibody linked to alka-
line phosphatase and developed with BCIP/NBT substrate
tablets (Sigma Chem. Co., St. Louis, Mo.). Other techniques
tor evaluating the binding ability of antibodies towards CID30
are known 1n the art, including RIAs and Biacore analysis.
Suitable assays to determine CD30 binding are described 1n
detail in the Examples.

Chimeric or Humamzed Ant1-CD30 Antibodies

In certain embodiments, a defucosylated anti-CD30 anti-
body of the mvention 1s a chimeric or humanized antibody.
Such antibodies can be prepared using mouse anti-CD30
antibodies that are available 1n the art and established proce-
dures for converting a mouse antibody to a chimeric or

humanized antibody. Non-limiting examples of such mouse
ant1-CD30 antibodies include the AC10, HeFi-1, Ber-H2,

Ki-1, Ki-4, HRS-3, Irac, HRS-4, M44, M67 and Ber-HS8
monoclonal antibodies. Moreover, humanized anti-CD30
antibodies are described 1n PCT Publication WO 02/4661.
Human Monoclonal Ant1-CD30 Antibodies

Preferred antibodies of the invention include human anti-
CD30 monoclonal antibodies. Examples of human anti-
CD30 monoclonal antibodies include the 5F11, 17G1, and
2H9 antibodies, 1solated and structurally characterized as
originally described in PCT Publication WO 03/059282. The
V ,amino acid sequences of SF11,17G1, and 2H9 are shown
in SEQ ID NOs: 1,2, and 3, respectively. The V,; amino acid
sequences oI SF11, 17G1, and 2H9 are shown in SEQ ID NOs
4, 35, and 6, respectively.

(G1iven that each of these antibodies can bind to CD30, the
V.,and V, sequences can be “mixed and matched” to create
other ant1-CD30 binding molecules of the invention. CD30
binding of such “mixed and matched” antibodies can be
tested using the binding assays well known 1n the art, such as
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FACS analysis and ELISA assays. Preferably, when V., and
V, chains are mixed and matched, a V,, sequence from a
particular V./V, pairing 1s replaced with a structurally simi-
lar V., sequence. Likewise, preferably a V, sequence from a
particular V./V, pairing 1s replaced with a structurally simi-
lar V; sequence. For example, the V., sequences of 5F11 and
2H9 are particularly amenable for mixing and matching,
since these antibodies use V., sequences derived from the
same germline sequence (V. 4-34) and thus they exhibit
structural similarity.

In particular embodiments, the invention provides a defu-
cosylated monoclonal antibody, or antigen binding portion
thereof, comprising:

(a) a heavy chain varniable region comprising an amino acid
sequence selected from the group consisting of SEQ ID NOs:
1,2, and 3; and

(b) a light chain varniable region comprising an amino acid
sequence selected from the group consisting of SEQ ID NO:
4,5, and 6;

wherein the antibody specifically binds human CD30.
Preferred heavy and light chain combinations include:

(a) a heavy chain varniable region comprising the amino
acid sequence of SEQ ID NO: 1; and (b) a light chain variable
region comprising the amino acid sequence of SEQ ID NO: 4;
or

(a) a heavy chain variable region comprising the amino
acid sequence of SEQ ID NO: 2; and (b) a light chain variable
region comprising the amino acid sequence of SEQ ID NO: 5;
or

(a) a heavy chain vanable region comprising the amino
acid sequence of SEQ ID NO: 3; and (b) a light chain variable
region comprising the amino acid sequence of SEQ ID NO: 6.

In another aspect, the mvention provides defucosylated
antibodies that comprise the heavy chain and light chain
CDR1s, CDR2s and CDR3s of 5F11, 17G1, and 2H9, or
combinations thereof. The amino acid sequences of the V,
CDRI1 s of 5F11, 17G1, and 2H9 are shown 1n SEQ ID NOs:
7, 8, and 9, respectively. The amino acid sequences of the V
CDR2s of 5F11, 17G1, and 2H9 are shown 1n SEQ ID NOs:
10, 11, and 12, respectively. The amino acid sequences of the
V., CDR3s of 5F11, 17G1, and 2H9 are shown in SEQ 1D
NOs: 13, 14, and 13, respectively. The amino acid sequences
ofthe V. CDRI1s of 3F11, 17G1, and 2H9 are shown in SEQ)
ID NOs: 16, 17, and 18, respectively. The amino acid
sequences of the V. CDR2s of 5F11, 17G1, and 2H9 are
shown 1 SEQ ID NOs: 19, 20, and 21, respectively. The
amino acid sequences of the V.. CDR3s of SF11, 17G1, and
2H9 are shown in SEQ ID NOs: 22, 23, and 24, respectively.
The CDR regions are delineated using the Kabat system
(Kabat, E. A., et al. (1991) Sequences of Proteins of Immu-
nological Interest, Fiith Edition, U.S. Department of Health
and Human Services, NIH Publication No. 91-3242).

(Given that each of these antibodies can bind to CD30 and
that antigen-binding specificity 1s provided primarily by the
CDR1, 2 and 3 regions, the V,, CDRI1, 2 and 3 sequences and
V., CDRI1, 2 and 3 sequences can be “mixed and matched”
(1.e., CDRs from different antibodies can be mixed and
match, although each antibody must contain a V,, CDRI, 2
and 3 and a V, CDRI1, 2 and 3) to create other anti-CD30
binding molecules of the mvention. CD30 binding of such
“mixed and matched”antibodies can be tested using binding
assays know 1n the art, for example, FACS analysis and
ELISA assays. Preferably, when V,, CDR sequences are
mixed and matched, the CDRI1, CDR2 and/or CDR3
sequence from a particular V., sequence 1s replaced with a
structurally similar CDR sequence(s). Likewise, when V,

CDR sequences are mixed and matched, the CDR1, CDR2
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and/or CDR3 sequence from a particular V, sequence prefer-
ably 1s replaced with a structurally similar CDR sequence(s).
It will be readily apparent to the ordinarily skilled artisan that
novel V., and V; sequences can be created by substituting one
or more V., and/or V, CDR region sequences with structur-
ally similar sequences from the CDR sequences disclosed
herein for monoclonal antibodies 5F11, 17G1, and 2HO9.

Accordingly, 1n another aspect, the invention provides a
defucosylated monoclonal antibody, or antigen binding por-
tion thereof comprising:

(a) a heavy chain variable region CDR1 comprising an
amino acid sequence selected from the group consisting of
SEQ ID NOs: 7, 8, and 9;

(b) a heavy chain variable region CDR2 comprising an
amino acid sequence selected from the group consisting of
SEQ ID NOs: 10, 11, and 12;

(c) a heavy chain variable region CDR3 comprising an
amino acid sequence selected from the group consisting of
SEQ ID NOs: 13, 14, and 15;

(d) a light chain variable region CDRI1 comprising an
amino acid sequence selected from the group consisting of
SEQ ID NOs: 16, 17, and 18;

(¢) a light chain variable region CDR2 comprising an
amino acid sequence selected from the group consisting of
SEQ ID NOs: 19, 20, and 21; and

(1) a light chain variable region CDR3 comprising an
amino acid sequence selected from the group consisting of
SEQ ID NOs: 22, 23, and 24;

wherein the antibody specifically binds CID30.

In a preferred embodiment, the antibody comprises:

(a) a heavy chain vanable region CDR1 comprising SEQ
ID NO: 7;

(b) a heavy chain vanable region CDR2 comprising SEQ
ID NO: 10;

(c) a heavy chain varniable region CDR3 comprising SEQ
ID NO: 13;

(d) a light chain variable region CDR1 comprising SEQ ID
NO: 16;

(e) a light chain variable region CDR2 comprising SEQ ID
NO: 19; and

(1) a light chain variable region CDR3 comprising SEQ ID
NO: 22.

In another preferred embodiment, the antibody comprises:

(a) a heavy chain varniable region CDR1 comprising SEQ
ID NO: 8;

(b) a heavy chain vaniable region CDR2 comprising SEQ
ID NO: 11;

(c) a heavy chain vanable region CDR3 comprising SEQ
ID NO: 14;

(d) a light chain variable region CDR1 comprising SEQ 1D
NO: 17;

(e) a light chain variable region CDR2 comprising SEQ ID
NO: 20; and

(1) a light chain variable region CDR3 comprising SEQ ID
NO: 24.

In another preferred embodiment, the antibody comprises:

(a) a heavy chain varniable region CDR1 comprising SEQ
ID NO: 9;

(b) a heavy chain vanable region CDR2 comprising SEQ
ID NO: 12;

(c) a heavy chain varniable region CDR3 comprising SEQ
ID NO: 15;

(d) a light chain variable region CDR1 comprising SEQ ID
NO: 18;
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(e) a light chain variable region CDR2 comprising SEQ 1D
NO: 21; and

(1) a light chain variable region CDR3 comprising SEQ 1D
NO: 24.

Antibodies Having Particular Germline Sequences

In certain embodiments, a defucosylated antibody of the
invention comprises a heavy chain variable region from a
particular germline heavy chain immunoglobulin gene and/or
a light chain variable region from a particular germline light
chain immunoglobulin gene.

For example, in a preferred embodiment, the mvention
provides a defucosylated monoclonal antibody, or an antigen-
binding portion thereof, comprising a heavy chain variable
region that 1s the product of or derived from a human 'V ,, 4-34
gene, wherein the antibody specifically binds to human
CD30. In another preferred embodiment, the mnvention pro-
vides a defucosylated monoclonal antibody, or an antigen-
binding portion thereof, comprising a heavy chain variable
region that 1s the product of or derived from a human V ., 3-07
gene, wherein the antibody specifically binds CD30. In
another preferred embodiment, the invention provides a defu-
cosylated monoclonal antibody, or an antigen-binding por-
tion thereol, comprising a light chain variable region that 1s
the product of or dertved from a human V- .15 gene, wherein
the antibody specifically binds to human CD30. In another
preferred embodiment, the imnvention provides a defucosy-
lated monoclonal antibody, or an antigen-binding portion
thereof, comprising a light chain variable region that 1s the
product of or dertved from a human V .- A2”7 gene, wherein the
antibody specifically binds to human CD30. In another pre-
ferred embodiment, the mvention provides a defucosylated
monoclonal antibody, or an antigen-binding portion thereof,
comprising a light chain variable region that 1s the product of
or derived from a human V.- L6 gene, wherein the antibody
specifically binds to human CID30.

In yet another preferred embodiment, the imvention pro-
vides a defucosylated monoclonal antibody, or an antigen-
binding portion thereof, wherein the antibody:

(a) comprises a heavy chain variable region that is the
product of or derived from a human V,, 4-34 or 3-07 gene
(which encodes the amino acid sequence set forth in SEQ 1D
NOs: 25 and 26, respectively);

(b) comprises a light chain variable region that 1s the prod-
uct of or dertved from a human V, L1535, A27, or L6 gene
(which encode the amino acid sequences set forth in SEQ 1D
NOs: 27, 28, and 29, respectively); and

(¢) specifically binds to human CD30.

A pretferred V., and V, germline combination 1s V,, 4-34
and V, L15. An example of an antibody having V ,, and V .- of
V., 4-34 and V, L13, respectively, 1s the SF11 antibody.
Another preferred V., and V, germline combination 1s V
3-07 and V, A27. An example of an antibody having V,, and
V. otV,3-07and V, A27, respectively, 1s the 17G1 antibody.
Another preferred V., and V, germline combination 1s V,,
4-34 and V, L6. An example of an antibody having V ,and V.
ot V., 4-34 and V, L6, respectively, 1s the 2ZH9 antibody.

As used herein, a human antibody comprises heavy or light
chain variable regions that 1s “the product of” or “denived
from” a particular germline sequence if the variable regions
of the antibody are obtained from a system that uses human
germline 1mmunoglobulin genes. Such systems include
Immunizing a transgenic mouse carrying human immunoglo-
bulin genes with the antigen of interest or screening a human
immunoglobulin gene library displayed on phage with the
antigen of interest. A human antibody that is “the product of”
or “dertved from” a human germline 1mmunoglobulin
sequence can be 1dentified as such by comparing the amino
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acid sequence of the human antibody to the amino acid
sequences of human germline immunoglobulins (e.g., using
the Vbase database) and selecting the human germline immu-
noglobulin sequence that 1s closest 1n sequence (1.€., greatest
% 1dentity) to the sequence of the human antibody. A human
antibody that 1s “the product of” or “derived from™ a particu-
lar human germline immunoglobulin sequence may contain
amino acid differences as compared to the germline
sequence, due to, for example, naturally-occurring somatic
mutations or intentional introduction of site-directed muta-
tion. However, a selected human antibody typically 1s at least
90% 1dentical 1n amino acids sequence to an amino acid
sequence encoded by a human germline immunoglobulin
gene and contains amino acid residues that identify the
human antibody as being human when compared to the ger-
mline immunoglobulin amino acid sequences of other species
(e.g., murine germline sequences). In certain cases, a human
antibody may be at least 95%, or even at least 96%, 97%.,
98%, or 99% 1dentical 1n amino acid sequence to the amino
acid sequence encoded by the germline immunoglobulin
gene. Typically, a human antibody derived from a particular
human germline sequence will display no more than 10
amino acid differences from the amino acid sequence
encoded by the human germline immunoglobulin gene. In
certain cases, the human antibody may display no more than
5, or even no more than 4, 3, 2, or 1 amino acid difference
from the amino acid sequence encoded by the germline
immunoglobulin gene.

Homologous Antibodies

In yet another embodiment, a defucosylated antibody of
the 1nvention comprises heavy and light chain variable
regions comprising amino acid sequences that are homolo-
gous to the amino acid sequences of the preferred antibodies
described herein, and wherein the antibodies retain the
desired functional properties of the anti-CD30 antibodies of
the invention.

For example, the invention provides a defucosylated
monoclonal antibody, or antigen binding portion thereof,
comprising a heavy chain variable region and a light chain
variable region, wherein:

(a) the heavy chain variable region comprises an amino
acid sequence that 1s at least 80% homologous to an
amino acid sequence selected from the group consisting
of SEQ ID NOs: 1, 2, and 3;

(b) the light chain variable region comprises an amino acid
sequence that 1s at least 80% homologous to an amino
acid sequence selected from the group consisting of
SEQ ID NOs: 4, 3, and 6; and

(¢) the antibody specifically binds to human CID30.

In other embodiments, the V., and/or V,; amino acid
sequences may be 85%, 90%, 95%, 96%, 97%, 98% or 99%
homologous to the sequences set forth above. An antibody
having V., and V; regions having high (i.e., 80% or greater)
homology to the V ,,and V, regions of the sequences set forth
above, can be obtained by mutagenesis (e.g., site-directed or
PCR-mediated mutagenesis) of one or more nucleic acid
molecules encoding SEQ ID NOs: 1-6, followed by testing of
the encoded altered antibody for retained function (1.e., bind-
ing to CD30) using the binding assays described herein.
Nucleic acid molecules encoding SEQ ID NOs: 1-6 are
shown 1n SEQ ID NOs: 30-35.

As used herein, the percent homology between two amino
acid sequences 1s equivalent to the percent 1dentity between
the two sequences. The percent i1dentity between the two
sequences 1s a function of the number of 1dentical positions
shared by the sequences (i1.e., % homology=# of identical
positions/total # of positionsx100), taking into account the
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number of gaps, and the length of each gap, which need to be
introduced for optimal alignment of the two sequences. The
comparison of sequences and determination of percent 1den-
tity between two sequences can be accomplished using a
mathematical algorithm, as described in the non-limiting
examples below.

The percent i1dentity between two nucleotide sequences
can be determined using the GAP program in the GCG soft-
ware package (available at http://www.gcg.com), using a
NWSgapdna.CMP matrix and a gap weight ot 40, 50, 60, 70,
or 80 and a length weight of 1, 2, 3, 4, 35, or 6. The percent
identity between two nucleotide or amino acid sequences can
also determined using the algorithm of E. Meyers and W.
Miller (Comput. Appl. Biosci., 4:11-17 (1988)) which has
been incorporated into the ALIGN program (version 2.0),
using a PAM120 weight residue table, a gap length penalty of
12 and a gap penalty of 4. In addition, the percent identity
between two amino acid sequences can be determined using
the Needleman and Wunsch (J. Mol. Biol. 48:444-453
(19°70)) algorithm which has been incorporated into the GAP

program 1n the GCG software package (available at http://
www.gcg.com), using either a Blossum 62 matrix or a
PAM?250 matrix, and a gap weight of 16, 14,12, 10, 8, 6, or 4
and a length weightof 1, 2, 3, 4, 3, or 6.

The percent 1dentity between two amino acid sequences
can be determined using the algorithm of E. Meyers and W.

Miller (Comput. Appl. Biosci., 4:11-17 (1988)) which has
been 1ncorporated mnto the ALIGN program (version 2.0),
using a PAM120 weight residue table, a gap length penalty of
12 and a gap penalty of 4. In addition, the percent identity
between two amino acid sequences can be determined using

the Needleman and Wunsch (J. Mol. Biol. 48:444-453
(19°70)) algorithm which has been incorporated into the GAP
program 1n the GCG software package (available at http://
www.gcg.com), using either a Blossum 62 matrix or a

PAM?250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4
and a length weightof 1, 2, 3, 4, 3, or 6.

Additionally or alternatively, the protein sequences of the
present invention can further be used as a “query sequence” to
perform a search against public databases to, for example,

identify related sequences. Such searches can be performed
using the XBLAST program (version 2.0) of Altschul, et al.
(1990)J. Mol. Biol. 215:403-10. BLAST protein searches can
be performed with the XBLAST program, score=50,
wordlength=3 to obtain amino acid sequences homologous to
the antibody molecules of the mvention. To obtain gapped
alignments for comparison purposes, Gapped BLAST can be

utilized as described 1n Altschul et al., (1997) Nucleic Acids
Res. 25(17):3389-3402. When utilizing BLAST and Gapped
BLAST programs, the default parameters of the respective
programs (e.g., XBLAST and NBLAST) can be used. See
http://www.ncbi.nlm.nih.gov.
Antibodies with Conservative Modifications

In certain embodiments, a defucosylated antibody of the
invention comprises a heavy chain variable region compris-
ing CDR1, CDR2 and CDR3 sequences and a light chain
variable region comprising CDR1, CDR2 and CDR3
sequences, wherein one or more of these CDR sequences
comprise specified amino acid sequences based on the pre-
ferred antibodies described herein (e.g., SF11, 17G1, and
2H9), or conservative modifications thereof, and wherein the
antibodies retain the desired functional properties of the anti-
CD30 antibodies of the invention. Accordingly, the invention
provides a defucosylated monoclonal antibody, or antigen
binding portion thereof, comprising a heavy chain variable
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region comprising CDR1, CDR2, and CDR3 sequences and a
light chain variable region comprising CDR1, CDR2, and
CDR3 sequences, wherein:
(a) the heavy chain vanable region CDR3 sequence com-
prises the amino acid sequence of SEQ ID NO: 9,12, 0or 5
135, and conservative modifications thereof:;
(b) the light chain variable region CDR3 sequence com-
prises the amino acid sequence of SEQID NO: 18,21, or
24, and conservative modifications thereot; and
(¢) the antibody specifically binds to human CID30. 10
In a preferred embodiment, the heavy chain variable region
CDR2 sequence comprises the amino acid sequence of SEQ
ID NO: 8, 11, or 14, and conservative modifications thereof;
and the light chain variable region CDR2 sequence comprises
the amino acid sequence of SEQ ID NO: 17, 20, or 23, and 15
conservative modifications thereof. In another preferred
embodiment, the heavy chain wvarniable region CDRI
sequence comprises the amino acid sequence of SEQ ID NO:
7, 10, or 13, and conservative modifications thereot; and the

light chain variable region CDR1 sequence comprises the 20

amino acid sequence of SEQ ID NO: 16, 19, or 22, and
conservative modifications thereof.

As used herein, the term “conservative sequence modifi-
cations” 1s intended to refer to amino acid modifications that
do not significantly atfect or alter the binding characteristics 25
of the antibody containing the amino acid sequence. Such
conservative modifications include amino acid substitutions,
additions and deletions. Modifications can be introduced into
an antibody of the invention by standard techniques known 1n
the art, such as site-directed mutagenesis and PCR-mediated 30
mutagenesis. Conservative amino acid substitutions are ones
in which the amino acid residue 1s replaced with an amino
acid residue having a similar side chain. Families of amino
acid residues having similar side chains have been defined 1n
the art. These families include amino acids with basic side 35
chains (e.g., lysine, arginine, histidine), acidic side chains
(e.g., aspartic acid, glutamic acid), uncharged polar side
chains (e.g., glycine, asparagine, glutamine, serine, threo-
nine, tyrosine, cysteine, tryptophan), nonpolar side chains
(¢.g., alanine, valine, leucine, 1soleucine, proline, phenylala- 40
nine, methionine), beta-branched side chains (e.g., threonine,
valine, 1soleucine) and aromatic side chains (e.g., tyrosine,
phenylalanine, tryptophan, histidine). Thus, one or more
amino acid residues within the CDR regions of an antibody of
the 1nvention can be replaced with other amino acid residues 45
from the same side chain family and the altered antibody can
be tested for retained function (1.e., the functions set forth in
(1) through (1v) above) using the functional assays described
herein.

Alternatively, 1n another embodiment, mutations can be 50
introduced randomly along all or part of an ant1-CD30 anti-
body coding sequence, such as by saturation mutagenesis,
and the resulting modified anti-CD30 antibodies can be
screened for binding activity.

Antibodies that Bind to the Same Epitope as Anti-CD30 55
Antibodies of the Invention

In another embodiment, the invention provides defucosy-
lated antibodies that bind to the same epitope as do the various
ant1-CD30 antibodies of the mvention provided herein, such
as other human antibodies that bind to the same epitope as the 60
SF11, 17G1 or 2H9 antibodies described herein. Such addi-
tional antibodies can be identified based on their ability to
cross-compete (e.g. to competitively mnhibit the binding of, 1n
a statistically significant manner) with other antibodies of the
invention, such as SF11, 17G1 or 2H9, 1n standard CD30 65
binding assays. The ability of a test antibody to inhibit the
binding of, e.g., 5F11, 17G1 or 2H9 to human CD30 demon-

22

strates that the test antibody can compete with that antibody
for binding to human CD30; such an antibody may, according
to non-limiting theory, bind to the same or a related (e.g., a
structurally similar or spatially proximal) epitope on human
CD30 as the antibody with which it competes. In a preferred
embodiment, the defucosylated antibody that binds to the
same epitope on human CD30 as 5F11, 17G1 or 2H9 1s a
human monoclonal antibody. Such human monoclonal anti-
bodies can be prepared and 1solated as described in PCT
Publication WO 03/059282.

Engineered and Modified Antibodies

A defucosylated antibody of the invention further can be
prepared using an antibody having one or more of the V
and/or V, sequences disclosed herein as starting material to
engineer a modified antibody, which modified antibody may
have altered properties from the starting antibody. An anti-
body can be engineered by modifying one or more amino acid
residues within one or both variable regions (1.e., V. and/or
V), for example within one or more CDR regions and/or
within one or more framework regions. Additionally or alter-
natively, an antibody can be engineered by modifying resi-
dues within the constant region(s), for example to alter the
elfector function(s) of the antibody.

One type of variable region engineering that can be per-
formed 1s CDR grafting. Antibodies interact with target anti-
gens predominantly through amino acid residues that are
located 1n the six heavy and light chain complementarity
determining regions (CDRs). For this reason, the amino acid
sequences within CDRs are more diverse between individual
antibodies than sequences outside of CDRs. Because CDR
sequences are responsible for most antibody-antigen interac-
tions, 1t 1s possible to express recombinant antibodies that
mimic the properties of specific naturally occurring antibod-
ies by constructing expression vectors that include CDR
sequences irom the specific naturally occurring antibody
graited onto framework sequences from a different antibody
with different properties (see, e.g., Riechmann, L. etal (1998)
Nature 332:323-327; Jones, P. et al. (1986) Nature 321:522-
525; Queen, C. et al. (1989) Proc. Natl. Acad. See. U.S.A.
86:10029-10033; U.S. Pat. No. 5,225,539 to Winter, and U..S.
Pat. Nos. 5,530,101; 5,585,089; 5,693,762 and 6,180,370 to
(Queen et al.).

Accordingly, another embodiment of the invention per-
tains to a defucosylated monoclonal antibody, or antigen
binding portion thereof, comprising a heavy chain variable
region comprising CDR1, CDR2, and CDR3 sequences com-
prising an amino acid sequence selected from the group con-
sisting of SEQ ID NOs: 7, 8, and 9, SEQ ID NOs: 10, 11, and
12, and SEQ ID NOs: 13, 14, and 13, respectively, and a light
chain variable region comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 16, 17,
and 18, SEQ ID NOs: 19, 20, and 21 and SEQ ID NOs: 22, 23,
and 24, respectively. Thus, such antibodies contain the V,
and V, CDR sequences of monoclonal antibodies 3F11,
1’7G1, or 2H9 yet may contain different framework sequences
from these antibodies.

Such framework sequences can be obtained from public
DNA databases or published references that include germline
antibody gene sequences. For example, germline DNA
sequences for human heavy and light chain variable region
genes can be found 1n the “VBase” human germline sequence
database (available on the Internet at www.mrc-cpe.ca-
m.ac.uk/vbase), as well as 1n Kabat, E. A., et al. (1991)
Sequences of Proteins of Immunological Interest, Fiith Edi-
tion, U.S. Department of Health and Human Services, NIH
Publication No.91-3242; Tomlinson, I. M., etal. (1992) “The

Repertoire of Human Germline V,, Sequences Reveals about
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Fifty Groups of V., Segments with Different Hypervariable
Loops” J. Mol. Biol. 227:776-798; and Cox, J. P. L. et al.
(1994) “A Directory of Human Germ-line V. Segments
Reveals a Strong Bias in their Usage” Fur J. Immunol.
24:82°7-836; the contents of each of which are expressly
incorporated herein by reference.

Preferred framework sequences for use 1n the antibodies of
the mvention are those that are structurally similar to the
framework sequences used by selected antibodies of the
invention, e.g., sitmilartothe V., 4-34 or 3-07 sequences (SEQ
ID NO: 25 or 26) and/or the V, LL15, A277 or L6 framework
sequence (SEQ ID NO: 27, 28,, or 29) used by preferred
monoclonal antibodies of the invention. The V,CDRI1, 2 and
3 sequences, and the V. CDRI1, 2 and 3 sequences, can be
grafted onto framework regions that have the identical
sequence as that found 1n the germline immunoglobulin gene
from which the framework sequence derive, or the CDR
sequences can be grafted onto framework regions that contain
one or more mutations as compared to the germline
sequences. For example, 1t has been found that 1n certain
instances it 1s beneficial to mutate residues within the frame-

work regions to maintain or enhance the antigen binding
ability of the antibody (see e.g., U.S. Pat. Nos. 5,530,101;

5,5835,089; 5,693,762 and 6,180,370 to Queen et al).
Another type of variable region modification 1s to mutate
amino acid residues within the V,, and/or V. CDR1, CDR2
and/or CDR3 regions to thereby improve one or more binding
properties (e.g., allinity) of the antibody of interest. Site-
directed mutagenesis or PCR-mediated mutagenesis can be
performed to introduce the mutation(s) and the efl

ect on
antibody binding, or other functional property of interest, can
be evaluated 1n 1n vitro or 1n vivo assays as described herein
and provided 1n the Examples. Preferably conservative modi-
fications (as discussed above) are introduced. The mutations
may be amino acid substitutions, additions or deletions, but
are preferably substitutions. Moreover, typically no more
than one, two, three, four or five residues within a CDR region
are altered.

Accordingly, 1n another embodiment, the imnvention pro-
vides defucosylated anti-CD30 monoclonal antibodies, or
antigen binding portions thereof, comprising a heavy chain
variable region comprising: (a) a V,, CDR1 region compris-
ing an amino acid sequence selected from the group consist-
ing of SEQ ID NO: 7, 8, and 9, or an amino acid sequence
having one, two, three, four or five amino acid substitutions,
deletions or additions as compared to an amino acid sequence
selected from the group consisting of SEQ ID NO: 7, 8, and 9;
(b) a V,, CDR2 region comprising an amino acid sequence
selected from the group consisting of SEQ IDNO: 10,11, and
12, or an amino acid sequence having one, two, three, four or
five amino acid substitutions, deletions or additions as com-
pared to an amino acid sequence selected from the group
consisting of SEQ ID NO: 10, 11, and 12; (¢) a V,, CDR3
region comprising an amino acid sequence selected from the
group consisting of SEQ ID NO: 13, 14, and 15, or an amino
acid sequence having one, two, three, four or five amino acid
substitutions, deletions or additions as compared to an amino
acid sequence selected from the group consisting of SEQ ID
NO: 13, 14, and 15; (d) a V. CDRI1 region comprising an
amino ac1d sequence selected from the group consisting of
SEQIDNO: 16,17 and 18, or an amino acid sequence having
one, two, three, four or five amino acid substitutions, dele-
tions or additions as compared to an amino acid sequence
selected from the group consisting of SEQ IDNO: 16,17, and
18; (e)aVCDR2 region comprising an amino acid sequence
selected from the group consisting of SEQ ID NO: 19, 20, and
21, or an amino acid sequence having one, two, three, four or
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five amino acid substitutions, deletions or additions as com-
pared to an amino acid sequence selected from the group
consisting of SEQ ID NO: 19, 20, and 21; and (1) a V- CDR3
region comprising an amino acid sequence selected from the
group consisting of SEQ ID NO: 22, 23, and 24, or an amino
acid sequence having one, two, three, four or five amino acid
substitutions, deletions or additions as compared to an amino
acid sequence selected from the group consisting of SEQ ID
NO: 22, 23, and 24.

Engineered antibodies of the mvention include those 1n
which modifications have been made to framework residues
within V. and/or V., e.g. to improve the properties of the
antibody. Typically such framework modifications are made
to decrease the immunogenicity of the antibody. For example,
one approach 1s to “backmutate” one or more framework
residues to the corresponding germline sequence. More spe-
cifically, an antibody that has undergone somatic mutation
may contain framework residues that differ from the germline
sequence from which the antibody 1s derived. Such residues
can be identified by comparing the antibody framework
sequences to the germline sequences from which the antibody
1s dertved. For example, for SF11, amino acid residue #83
(within FR3) of V, 1s an asparagine whereas this residue 1n
the corresponding V., 4-34 germline sequence 1s a serine. To
return the framework region sequences to their germline con-
figuration, the somatic mutations can be “backmutated” to the
germline sequence by, for example, site-directed mutagenesis
or PCR-mediated mutagenesis (e.g., residue 83 of FR3 of the
V., 0f 5SF11 can be “backmutated” from asparagine to serine.
Such “backmutated”antibodies are also intended to be
encompassed by the ivention.

Another type of framework modification involves mutat-
ing one or more residues within the framework region, or even
within one or more CDR regions, to remove T cell epitopes to
thereby reduce the potential immunogenicity of the antibody.
This approach 1s also referred to as “deimmunization” and 1s
described 1n further detail in U.S. Patent Publication No.
20030153043 by Carr et al.

In addition or alternative to modifications made within the
framework or CDR regions, antibodies of the invention may
be engineered to include modifications within the Fc region,
typically to alter one or more functional properties of the
antibody, such as serum half-life, complement fixation, Fc
receptor binding, and/or antigen-dependent cellular cytotox-
icity. Furthermore, an antibody of the mmvention may be
chemically modified (e.g., one or more chemical moieties can
be attached to the antibody) or be modified to alter 1ts glyco-
sylation, again to alter one or more functional properties of
the antibody. Each of these embodiments i1s described in
turther detail below. The numbering of residues in the Fc
region 1s that of the EU index of Kabat.

In one embodiment, the hinge region of CH1 1s modified
such that the number of cysteine residues 1n the hinge region
1s altered, e.g., increased or decreased. This approach 1is
described further in U.S. Pat. No. 5,677,425 by Bodmer et al.
Thenumber of cysteine residues in the hinge region of CH1 1s
altered to, for example, facilitate assembly of the light and
heavy chains or to increase or decrease the stability of the
antibody.

In another embodiment, the Fc hinge region of an antibody
1s mutated to decrease the biological half life of the antibody.
More specifically, one or more amino acid mutations are
introduced into the CH2-CH?3 domain interface region of the
Fc-hinge fragment such that the antibody has impaired Sta-
phylococcyl protein A (SpA) binding relative to native Fc-
hinge domain SpA binding. This approach 1s described in
further detail in U.S. Pat. No. 6,165,745 by Ward et al.




US 8,207,303 B2

25

In another embodiment, the antibody 1s modified to
increase 1ts biological half life. Various approaches are pos-
sible. For example, one or more of the following mutations
can be introduced: 12521, T254S, T256F, as described in
U.S. Pat. No. 6,277,375 to Ward. Alternatively, to increase the
biological half life, the antibody can be altered within the
CHI1 or CL region to contain a salvage receptor binding

epitope taken from two loops of a CH2 domain of an Fcregion
of an IgQ, as described 1 U.S. Pat. Nos. 5,869,046 and

6,121,022 by Presta et al.

In yet other embodiments, the Fc region 1s altered by
replacing at least one amino acid residue with a different
amino acid residue to alter the effector function(s) of the
antibody. For example, one or more amino acids selected
from amino acid residues 234, 235, 236, 237, 297, 318, 320
and 322 can be replaced with a different amino acid residue
such that the antibody has an altered aflinity for an effector
ligand but retains the antigen-binding ability of the parent
antibody. The effector ligand to which affinity 1s altered can
be, for example, an Fc receptor or the C1 component of
complement. This approach 1s described 1n further detail 1n
U.S. Pat. Nos. 5,624,821 and 5,648,260, both by Winter et al.

In another example, one or more amino acids selected from
amino acid residues 329, 331 and 322 can be replaced with a
different amino acid residue such that the antibody has altered
C1qg binding and/or reduced or abolished complement depen-
dent cytotoxicity (CDC). This approach 1s described 1n fur-
ther detail in U.S. Pat. No. 6,194,551 by Idusogie et al.

In another example, one or more amino acid residues
within amino acid positions 231 and 239 are altered to thereby
alter the ability of the antibody to fix complement. This
approach 1s described further in PCT Publication WO
94/29351 by Bodmer et al.

In yet another example, the Fc region 1s modified to
increase the ability of the antibody to mediate antibody
dependent cellular cytotoxicity (ADCC) and/or to increase
the affinity of the antibody for an Fcy receptor by modifying,
one or more amino acids at the following positions: 238, 239,
248, 249, 252, 254, 2355, 256, 238, 2635, 267, 268, 269, 270,
2772, 276, 2778, 280, 283, 2835, 286, 289, 290, 292, 293, 294,
295, 296, 298, 301, 303, 3035, 307, 309, 312, 315, 320, 322,
324, 326,327,329, 330, 331, 333, 334, 335, 337, 338, 340,
360, 373,376,378, 382, 388, 389, 398, 414, 416, 419, 430,
434,435,437, 438 or 439. This approach 1s described further
in PCT Publication WO 00/420°72 by Presta. Moreover, the
binding sites on human IgG1 for FcyR1, FeyRII, FeyRIII and
FcRn have been mapped and variants with improved binding
have been described (see Shields, R. L. et al. (2001) J. Biol.
Chem. 276:6591-6604). Specific mutations at positions 256,
290, 298, 333, 334 and 339 were shown to improve binding to
FcyRIII. Additionally, the following combination mutants
were shown to improve FcyRIII binding: T256 A/S298A,
S298A/E333A, S298A/K224A and S298 A/E333A/K334A.

Another modification of the antibodies herein that 1s con-
templated by the mnvention 1s pegylation. An antibody can be
pegylated to, for example, increase the biological (e.g.,
serum ) half life of the antibody. To pegylate an antibody, the
antibody, or fragment thereol, typically 1s reacted with poly-
cthylene glycol (PEG), such as a reactive ester or aldehyde
derivative of PEG, under conditions in which one or more
PEG groups become attached to the antibody or antibody
fragment. Preferably, the pegylation i1s carried out via an
acylation reaction or an alkylation reaction with a reactive
PEG molecule (or an analogous reactive water-soluble poly-
mer). As used herein, the term “polyethylene glycol” 1s
intended to encompass any of the forms of PEG that have
been used to derivatize other proteins, such as mono (C1-
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C10) alkoxy- or aryloxy-polyethylene glycol or polyethylene
glycol-maleimide. In certain embodiments, the antibody to be
pegylated 1s an aglycosylated antibody. Methods for pegylat-
ing proteins are known 1in the art and can be applied to the
antibodies of the invention. See for example, EP 0154 316 by
Nishimura et al. and EP 0 401 384 by Ishikawa et al.
Methods of Engineering Antibodies

As discussed above, the defucosylated anti-CID30 antibod-
ies having V,,and V .- sequences disclosed herein can be used
to create new anti-CD30 antibodies by moditying the VH
and/or V. sequences, or the constant region(s) attached
thereto. Thus, 1n another aspect of the invention, the structural
teatures of an anti-CID30 antibody of the invention, e.g. SF11,
1'7G1, or 2H9, are used to create structurally related detuco-
sylated anti-CD30 antibodies that retain at least one func-
tional property of the antibodies of the mvention, such as
binding to human CD30. For example, one or more CDR
regions of 5F11, 17G1, or 2ZH9, or mutations thereof, can be
combined recombinantly with known framework regions
and/or other CDRs to create additional, recombinantly-engi-
neered, ant1-CD30 antibodies of the invention, as discussed
above. Other types of modifications include those described
in the previous section. The starting material for the engineer-
ing method 1s one or more of the V., and/or V. sequences
provided herein, or one or more CDR regions thereof. To
create the engineered antibody, 1t 1s not necessary to actually
prepare (1.€., express as a protein) an antibody having one or
more of the V., and/or V.. sequences provided herein, or one
or more CDR regions thereof. Rather, the information con-
tained 1n the sequence(s) 1s used as the starting material to
create a “second generation” sequence(s) dertved from the
original sequence(s) and then the “second generation™
sequence(s) 1s prepared and expressed as a protein.

Accordingly, 1n another embodiment, the mvention pro-
vides a method for preparing an anti-CD30 antibody com-
prising:

(a) providing: (1) a heavy chain variable region antibody
sequence comprising a CDR1 sequence selected from
the group consisting of SEQ ID NOs: 7,8, and 9, a CDR2
sequence selected from the group consisting of SEQ 1D
NOs: 10, 11, and 12 and/or a CDR3 sequence selected
from the group consisting of SEQ ID NOs: 13, 14, and
15; and/or (11) a light chain variable region antibody
sequence comprising a CDR1 sequence selected from
the group consisting of SEQ ID NOs: 16, 17, and 18, a
CDR2 sequence selected from the group consisting of
SEQ ID NOs: 19, 20, and 21 and/or a CDR3 sequence
selected from the group consisting of SEQ ID NOs: 22,
23, and 24;

(b) altering at least one amino acid residue within the heavy
chain variable region antibody sequence and/or the light
chain variable region antibody sequence to create at least
one altered antibody sequence; and

(c) expressing the altered antibody sequence as a protein.

Standard molecular biology techniques can be used to pre-
pare and express the altered antibody sequence. The altered
antibody sequence so prepared can then be made 1n detuco-
sylated form using the methods disclosed herein to obtain a
defucosylated altered anti-CD30 antibody.

The functional properties of the altered antibodies can be
assessed using standard assays available in the art and/or
described herein, such as those set forth in the Examples (e.g.,
flow cytometry, binding assays, ADCC assays).

In certain embodiments of the methods of engineering
antibodies of the invention, mutations can be introduced ran-
domly or selectively along all or part of an ant1-CD30 anti-
body coding sequence and the resulting modified ant1-CD30
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antibodies can be screened for binding activity and/or other
functional properties as described herein. Mutational meth-
ods have been described in the art. For example, PCT Publi-
cation WO 02/092780 by Short describes methods for creat-
ing and screening antibody mutations using saturation
mutagenesis, synthetic ligation assembly, or a combination
thereol. Alternatively, PCT Publication WO 03/074679 by
Lazar et al. describes methods of using computational screen-
ing methods to optimize physiochemical properties of anti-
bodies.

Nucleic Acid Molecules Encoding Antibodies of the Inven-
tion

Another aspect of the mvention pertains to nucleic acid
molecules that encode the antibodies of the mvention. The
term “nucleic acid molecule”, as used herein, 1s intended to
include DNA molecules and RNA molecules. A nucleic acid
molecule may be single-stranded or double-stranded, but
preferably 1s double-stranded DNA. The nucleic acids may be
present in whole cells, in a cell lysate, or 1n a partially purified
or substantially pure form. A nucleic acid 1s “isolated” or
“rendered substantially pure” when purified away from other
cellular components or other contaminants, e.g., other cellu-
lar nucleic acids or proteins, by standard-techmques, includ-
ing alkaline/SDS treatment, CsCl banding, column chroma-
tography, agarose gel electrophoresis and others well known
in the art. See, F. Ausubel, et al., ed. (1987) Current Protocols
in Molecular Biology, Greene Publishing and Wiley Inter-
science, New York. A nucleic acid of the invention can be, for
example, DNA or RNA and may or may not contain intronic
sequences. In a preferred embodiment, the nucleic acid 1s a
cDNA molecule.

Nucleic acids of the mnvention can be obtained using stan-
dard molecular biology techniques. For antibodies expressed
by hybridomas (e.g., hybridomas prepared from transgenic
mice carrying human immunoglobulin genes as described
turther below), cDNAs encoding the light and heavy chains of
the antibody made by the hybridoma can be obtained by
standard PCR amplification or cDNA cloning techniques. For
antibodies obtained from an immunoglobulin gene library
(e.g. using phage display techniques), nucleic acid encoding
the antibody can be recovered from the library.

Preferred nucleic acids molecules of the invention are
those encoding the VH and VL sequences of the 5F11, 17G1,
and 2H9 monoclonal antibodies. The DNA sequence encod-
ing the VH sequence o1 SF11 1s shown 1n SEQ ID NO: 30. The
DNA sequence encoding the VL sequence of 5F11 1s shown
in SEQ ID NO: 33. The DNA sequence encoding the VH
sequence of 17G1 1s shown i SEQ ID NO: 31. The DNA
sequence encoding the VL sequence o1 17G1 1s shown in SEQ)
ID NO: 34. The DNA sequence encoding the VH sequence of
2H9 1s shown 1n SEQ ID NO: 32. The DNA sequence encod-
ing the VL sequence of 2H9 1s shown 1n SEQ 1D NO: 35.

Once DNA fragments encoding VH and VL segments are
obtained, these DNA fragments can be further manipulated
by standard recombinant DNA techniques, for example to
convert the vaniable region genes to full-length antibody
chain genes, to Fab fragment genes or to a scFv gene. In these
manipulations, a VL- or VH-encoding DNA {fragment 1s
operatively linked to another DNA {fragment encoding
another protein, such as an antibody constant region or a
flexible linker. The term “operatively linked”, as used 1n this
context, 1s intended to mean that the two DNA fragments are
joined such that the amino acid sequences encoded by the two
DNA fragments remain in-frame.

The 1solated DNA encoding the VH region can be con-
verted to a full-length heavy chain gene by operatively linking,
the VH-encoding DNA to another DNA molecule encoding,
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heavy chain constant regions (CH1, CH2 and CH3). The
sequences of human heavy chain constant region genes are
known 1n the art (see e.g., Kabat, E. A., et al. (1991)
Sequences of Proteins of Immunological Interest, Fiith Edi-
tion, U.S. Department of Health and Human Services, NIH
Publication No. 91-3242) and DNA fragments encompassing
these regions can be obtained by standard PCR amplification.
The heavy chain constant region can be anIgG1, IgG2, 1gG3,
IeG4, IgA, IgE, IgM or IgD constant region, but most pret-
erably 1s an Ig(G1 or Ig(G4 constant region. For a Fab fragment
heavy chain gene, the VH -encoding DNA can be operatively
linked to another DNA molecule encoding only the heavy
chain CH1 constant region.

The 1solated DNA encoding the VL region can be con-
verted to a full-length light chain gene (as well as a Fab light
chain gene) by operatively linking the VL-encoding DNA to
another DNA molecule encoding the light chain constant
region, CL. The sequences of human light chain constant
region genes are known in the art (see e.g., Kabat, E. A., et al.
(1991) Sequences of Proteins of Immunological Interest,
Fifth Edition, U.S. Department of Health and Human Ser-
vices, NIH Publication No. 91-3242) and DNA fragments
encompassing these regions can be obtained by standard PCR
amplification. The light chain constant region can be a kappa
or lambda constant region, but most preferably 1s a kappa
constant region.

To create a scFv gene, the VH- and VL-encoding DNA
fragments are operatively linked to another fragment encod-
ing a tlexible linker, e.g., encoding the amino acid sequence
(Gly,-Ser),, such that the VH and VL sequences can be
expressed as a contiguous single-chain protein, with the VL

and VH regions joined by the flexible linker (see e.g., Bird et
al. (1988) Science 242:423-426; Huston et al. (1988) Proc.

Natl. Acad. Sci. USA 85:5879-5883; McCaftferty etal., (1990)
Nature 348:552-554).

The nucleic acid compositions of the present 1nvention,
while often 1n a native sequence (except for modified restric-
tion sites and the like), from either cDNA, genomic or mix-
tures may be mutated, thereof in accordance with standard
techniques to provide gene sequences. For coding sequences,
these mutations, may affect amino acid sequence as desired.
In particular, DNA sequences substantially homologous to or
derived from native V, D, J, constant, switches and other such
sequences described herein are contemplated (where
“dertved” indicates that a sequence 1s 1dentical or modified
from another sequence).

Production of Monoclonal Antibodies of the Invention

Monoclonal antibodies (mAbs) of the present mvention
can be produced by a variety of techmques, including con-
ventional monoclonal antibody methodology e.g., the stan-
dard somatic cell hybridization techmque of Kohler and Mil-
stein (1973) Nature 256: 495. Although somatic cell
hybridization procedures are preferred, in principle, other
techniques for producing monoclonal antibody can be
employed e.g., viral or oncogenic transformation of B lym-
phocytes.

The preferred animal system for preparing hybridomas 1s
the murine system. Hybridoma production in the mouse 1s a
very well-established procedure. Immunization protocols
and techniques for 1solation of immunized splenocytes for
fusion are known 1n the art. Fusion partners (e.g., murine
myeloma cells) and fusion procedures are also known.

In various embodiments, the antibody can be, for example,
human antibodies, humanized antibodies or chimeric anti-
bodies.

Chimeric, or humanized antibodies of the present inven-
tion can be prepared based on the sequence of a murine
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monoclonal antibody prepared as described above. DNA
encoding the heavy and light chain immunoglobulins can be
obtained from the murine hybridoma of interest and engi-
neered to contain non-murine (€.g., human) immunoglobulin
sequences using standard molecular biology techniques. For
example, to create a chimeric antibody, the murine variable
regions can be linked to human constant regions using meth-
ods known 1n the art (see e.g. U.S. Pat. No. 4,816,567 to
Cabilly et al.). To create a humanized antibody, the murine
CDR regions can be inserted into a human framework using
methods known 1n the art (see e.g., U.S. Pat. No. 5,225,539 to
Winter, and U.S. Pat. Nos. 5,530,101; 5,585,089; 5,693,762
and 6,180,370 to Queen et al.). A variety of mouse ant1-CD30
antibodies are known in the art that can be used to create
chimeric or humanized anti-CD30 antibodies, for example,
ACI10, HeFi-1, Ber-H2, Ki-1, HRS-3, Irac, HRS-4, M44,
M677, and Ber-HS.

In a preferred embodiment, the antibodies of the invention
are human monoclonal antibodies. Such human monoclonal
antibodies directed against CD30 can be generated using
transgenic or transchromosomic mice carrying parts of the
human 1mmune system rather than the mouse system. These
transgenic and transchromosomic mice include mice referred
to herein as HuUMAb mice and KM mice, respectively, and are
collectively referred to herein as “human Ig mice.”

The HuMAb Mouse® (Medarex, Inc.) contains human
immunoglobulin gene miniloci that encode unrearranged
human heavy (u and vy) and K light chain immunoglobulin
sequences, together with targeted mutations that inactivate
the endogenous 1 and K chain loci (see e.g., Lonberg, et al.
(1994) Nature 368(64°74): 856-839). Accordingly, the mice
exhibit reduced expression of mouse IgM or k¥, and 1n
response to immumzation, the mtroduced human heavy and
light chain transgenes undergo class switching and somatic
mutation to generate high affinity human IgGk, monoclonal
(Lonberg, N. et al. (1994), supra; reviewed 1n Lonberg, N.
(1994) Handbook of Experimental Pharmacology 113:49-
101; Lonberg, N. and Huszar, D. (1993) Intern. Rev. Immunol.
13: 65-93, and Harding, F. and Lonberg, N. (1995) Ann. N.Y.
Acad. Sci. 764:536-546). The preparation and use of HuMab
mice, and the genomic modifications carried by such mice, 1s
turther described 1n Tayvlor, L. et al. (1992) Nucleic Acids
Research 20:6287-6295; Chen, I. et al. (1993) International
Immunology 5: 647-656; Tuaillon et al. (1993) Proc. Natl.
Acad. Sci. USA 90:3720-3724; Cho1 et al. (1993) Nature
Genetics 4:117-123; Chen, J. et al. (1993) EMBO J 12:
821-830; Tuaillon et al. (1994) J. Immunol. 152:2912-2920;
Taylor, L. etal. (1994) International Immunology 6: 579-591;
and Fishwild, D. et al. (1996) Nature Biotechnology 14: 845-
851, the contents of all of which are hereby specifically incor-
porated by reference in their entirety. See further, U.S. Pat.
Nos. 5,545,806; 5,569,825, 5,625,126; 5,633,425, 5,789,650;
5,877,397, 5,661,016; 5,814,318; 5,874,299; and 5,770,429;
all to Lonberg and Kay; U.S. Pat. No. 5,545,807 to Surani et
al.; PCT Publication Nos. WO 92/03918, WO 93/12227, WO
04/25585, WO 97/13852, WO 98/24884 and WO 99/45962,
all to Lonberg and Kay; and PCT Publication No. WO
01/14424 to Korman et al.

In another embodiment, human antibodies of the invention
can be raised using a mouse that carries human immunoglo-
bulin sequences on transgenes and transchomosomes, such as
a mouse that carries a human heavy chain transgene and a
human light chain transchromosome. Such mice, referred to

herein as “KM mice”, are described 1n detail in PCT Publi-
cation WO 02/43478 to Ishida et al.

Still further, alternative transgenic animal systems express-
ing human immunoglobulin genes are available in the art and

10

15

20

25

30

35

40

45

50

55

60

65

30

can be used to raise anti-CD30 antibodies of the mvention.
For example, an alternative transgenic system referred to as

the Xenomouse (Abgenix, Inc.) can be used; such mice are
described 1n, for example, U.S. Pat. Nos. 5,939,598, 6,075,
181; 6,114,598; 6,150,584 and 6,162,963 to Kucherlapati et

al.

Moreover, alternative transchromosomic animal systems
expressing human immunoglobulin genes are available 1in the
art and can be used to raise anti-CD30 antibodies of the

invention. For example, mice carrying both a human heavy
chain transchromosome and a human light chain tranchromo-
some, referred to as “T'C mice’can be used; such mice are
described 1 Tomizuka et al. (2000) Proc. Natl. Acad. Sci.
USA 97:7722-727. Furthermore, cows carrying human heavy

and light chain transchromosomes have been described in the
art (Kuroiwa et al. (2002) Nature Biotechnology 20:889-894)
and can be used to raise anti-CD30 antibodies of the mven-
tion.

Human monoclonal antibodies of the invention can also be
prepared using phage display methods for screening libraries

of human immunoglobulin genes. Such phage display meth-
ods for 1solating human antibodies are established in the art.

See for example: U.S. Pat. Nos. 5,223,409; 5,403,484; and
5,571,698 to Ladner et al.; U.S. Pat. Nos. 5,427,908 and
5,580,717 to Dower et al.; U.S. Pat. Nos. 5,969,108 and
6,172,197 to McCallerty et al.; and U.S. Pat. Nos. 5,885,793;
6,521,404;6,544,731,6,555,313;6,582,915 and 6,593,081 to
Griffiths et al.

Human monoclonal antibodies of the invention can also be
prepared using SCID mice ito which human immune cells
have been reconstituted such that a human antibody response
can be generated upon 1mmunization. Such mice are
described 1n, for example, U.S. Pat. Nos. 5,476,996 and
5,698,767 to Wilson et al.

Immunization of Human Ig Mice

When human Ig mice are used to raise human antibodies of
the invention, such mice can be immunized with a purified or
enriched preparation of CD30 antigen and/or recombinant
CD30, or an CD30 fusion protein, as described by Lonberg,
N. et al. (1994) Nature 368(64°74): 856-859; Fishwild, D. et
al. (1996) Nature Biotechnology 14: 845-851; and PCT Pub-
lication WO 98/24884 and WO 01/14424. Preferably, the
mice will be 6-16 weeks of age upon the first infusion. For
example, a purified or recombinant preparation (5-50 ug) of
CD30 antigen can be used to immunize the human Ig mice
intraperitoneally.

Detailed procedures to generate fully human monoclonal
antibodies to CD30 are described in PCT Publication WO
03/059282. Cumulative experience with various antigens has
shown that the transgenic mice respond when nitially immu-
nized intraperitoneally (IP) with antigen in complete Fre-
und’s adjuvant, followed by every other week 1P immuniza-
tions (up to a total of 6) with antigen 1n incomplete Freund’s
adjuvant. However, adjuvants other than Freund’s are also
found to be effective. In addition, whole cells 1n the absence
of adjuvant are found to be highly immunogenic. The immune
response can be monitored over the course of the immuniza-
tion protocol with plasma samples being obtained by retro-
orbital bleeds. The plasma can be screened by ELISA (as
described below), and mice with suificient titers of anti-CID30
human immunoglobulin can be used for fusions. Mice can be
boosted intravenously with antigen 3 days before sacrifice
and removal of the spleen. It 1s expected that 2-3 fusions for
cach immunization may need to be performed. Between 6 and
24 mice are typically immumzed for each antigen. Usually

both HCo7 and HCo12 strains are used. In addition, both
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HCo7 and HCo12 transgene can be bred together into a single
mouse having two different human heavy chain transgenes
(HCo7/HCo12).
Generation of Hybridomas Producing Human Monoclonal
Antibodies of the Invention
To generate hybridomas producing human monoclonal
antibodies of the invention, splenocytes and/or lymph node
cells from 1mmunized mice can be 1solated and fused to an
appropriate immortalized cell line, such as a mouse myeloma
cell line. The resulting hybridomas can be screened for the
production of antigen-specific antibodies. For example,
single cell suspensions of splenic lymphocytes from immu-
nized mice can be fused to one-sixth the number of P3X63-
Ag8.653 nonsecreting mouse myeloma cells (ATCC, CRL
1580) with 50% PEG. Cells are plated at approximately
2x10° in flat bottom microtiter plate, followed by a two week
incubation 1n selective medium contaiming 20% fetal Clone
Serum, 18% 653 conditioned media, 5% origen (IGEN), 4
mM L-glutamine, 1 mM sodium pyruvate, 5 mM HEPES,
0.055 mM 2-mercaptoethanol, 50 units/ml penicillin, 50
mg/ml Streptomycm 50 mg/ml gentamycin and 1xHAT
(Sigma; the HAT 1s added 24 hours after the fusion). After
approximately two weeks, cells can be cultured 1n medium 1n
which the HAT 1s replaced with HT. Individual wells can then
be screened by ELISA for human monoclonal IgM and 1gG
Once extensive hybridoma growth occurs,

antibodies.
medium can be observed usually after 10-14 days. The anti-
body secreting hybridomas can be replated, screened again,
and 11 still positive for human IgG, the monoclonal antibodies
can be subcloned at least twice by limiting dilution. The
stable subclones can then be cultured in vitro to generate
small amounts of antibody in tissue culture medium for char-
acterization.

To purity human monoclonal antibodies, selected hybrido-
mas can be grown in two-liter spinner-flasks for monoclonal
antibody purification. Supernatants can be filtered and con-
centrated before aflinity chromatography with protein
A-sepharose (Pharmacia, Piscataway, N.J.). Eluted IgG can
be checked by gel electrophoresis and high performance 1ig-
uid chromatography to ensure purity. The butfer solution can
be exchanged into PBS, and the concentration can be deter-
mined by OD280 using 1.43 extinction coefficient. The
monoclonal antibodies can be aliquoted and stored at —80° C.
Generation of Transfectomas Producing Monoclonal Anti-
bodies of the Invention

Antibodies of the invention also can be produced 1n a host
cell transfectoma using, for example, a combination of well
known recombinant DNA techniques and gene transiection
methods (e.g., Morrison, S. (1985) Science 229:1202).

For example, to express the antibodies, or antibody frag-
ments thereol, DNAs encoding partial or full-length light and
heavy chains, can be obtained by standard molecular biology
techniques (e.g., PCR amplification or cDNA cloning using a
hybridoma that expresses the antibody of interest) and the
DNAs can be inserted into expression vectors such that the
genes are operatively linked to transcriptional and transla-
tional control sequences. In this context, the term “opera-
tively linked” 1s intended to mean that an antibody gene 1s
ligated into a vector such that transcriptional and translational
control sequences within the vector serve their intended func-
tion ol regulating the transcription and translation of the
antibody gene. The expression vector and expression control
sequences are chosen to be compatible with the expression
host cell used. The antibody light chain gene and the antibody
heavy chain gene can be inserted 1into separate vector or, more
typically, both genes are inserted into the same expression
vector. The antibody genes are inserted into the expression
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vector by standard methods (e.g. ligation of complementary
restriction sites on the antibody gene fragment and vector, or
blunt end ligation 11 no restriction sites are present). The light
and heavy chain variable regions of the antibodies described
herein can be used to create full-length antibody genes of any
antibody 1sotype by inserting them into expression vectors
already encoding heavy chain constant and light chain con-
stant regions of the desired 1sotype such that the V., segment
1s operatively linked to the C,, segment(s) within the vector
and the V.- segment 1s operatively linked to the C, segment
within the vector. Additionally or alternatively, the recombi-
nant expression vector can encode a signal peptide that facili-
tates secretion of the antibody chain from a host cell. The
antibody chain gene can be cloned into the vector such that
the signal peptide 1s linked in-frame to the amino terminus of
the antibody chain gene. The signal peptide can be an immu-
noglobulin signal peptide or a heterologous signal peptide
(1.e., a signal peptide from a non-immunoglobulin protein).

In addition to the antibody chain genes, the recombinant
expression vectors of the invention carry regulatory
sequences that control the expression of the antibody chain
genes 1 a host cell. The term “regulatory sequence” 1s
intended to include promoters, enhancers and other expres-
s10n control elements (e.g. polyadenylation signals) that con-
trol the transcription or translation of the antibody chain
genes. Such regulatory sequences are described, for example,
in Goeddel (Gene Expression Technology. Methods in Enzy-
mology 185, Academic Press, San Diego, Calitf. (1990)). It
will be appreciated by those skilled 1n the art that the design
ol the expression vector, including the selection of regulatory
sequences, may depend on such factors as the choice of the
host cell to be transformed, the level of expression of protein
desired, etc. Preferred regulatory sequences for mammalian
host cell expression include viral elements that direct high
levels of protein expression in mammalian cells, such as
promoters and/or enhancers derived from cytomegalovirus
(CMYV), Stmian Virus 40 (SV40), adenovirus, (e.g., the aden-
ovirus major late promoter (AdMLP) and polyoma. Alterna-
tively, nonviral regulatory sequences may be used, such as the
ubiquitin promoter or 3-globin promoter. Still further, regu-
latory elements composed of sequences from different
sources, such as the SRa promoter system, which contains
sequences from the SV40 early promoter and the long termi-
nal repeat of human T cell leukemia virus type 1 (Takebe, Y.
et al. (1988) Mol Cell. Biol. 8:466-472).

In addition to the antibody chain genes and regulatory
sequences, the recombinant expression vectors of the inven-
tion may carry additional sequences, such as sequences that
regulate replication of the vector 1n host cells (e.g. origins of
replication) and selectable marker genes. The selectable
marker gene facilitates selection of host cells mnto which the
vector has been imtroduced (see, e.g. U.S. Pat. Nos. 4,399,
216,4,634,665 and 5,179,017, all by Axel et at). For example,
typically the selectable marker gene conifers resistance to
drugs, such as G418, hygromycin or methotrexate, on a host
cell into which the vector has been introduced. Preferred
selectable marker genes include the dihydrofolate reductase
(DHFR) gene (for use 1n dhir-host cells with methotrexate
selection/amplification) and the neo gene (for G418 selec-
tion).

For expression of the light and heavy chains, the expression
vector(s) encoding the heavy and light chains 1s transfected
into a host cell by standard techniques. The various forms of
the term “transiection” are intended to encompass a wide
variety of techniques commonly used for the imntroduction of
exogenous DNA 1nto a prokaryotic or eukaryotic host cell,
e.g., electroporation, calcium-phosphate precipitation,
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DEAE-dextran transfection and the like. Although 1t 1s theo-
retically possible to express the antibodies of the invention in
either prokaryotic or eukaryotic host cells, expression of anti-
bodies 1n eukaryotic cells, and most preferably mammalian
host cells, 1s the most preferred because such eukaryotic cells,
and 1n particular mammalian cells, are more likely than
prokaryotic cells to assemble and secrete a properly folded
and immunologically active antibody. Prokaryotic expression
of antibody genes has been reported to be ineffective for
production of high yields of active antibody (Boss, M. A. and
Wood, C. R. (1983) Immunology Today 6:12-13).

Preferred host cells for expressing the recombinant anti-
bodies of the invention include cells which modify the fuco-
sylation of an expressed antibody. For example, the host cell
may be a cell that 1s lacking 1n a fucosyltransierase enzyme
such that the host cell produces proteins lacking fucose 1n
their carbohydrates, or ahost cell that expresses glycoprotein-
moditying glycosyl transierases such that expressed antibod-
ies 1n the host cell have increased bisecting GlcNac structures
that prevents fucosylation. Other mammalian host cells for
expressing the recombinant antibodies include Chinese Ham-
ster Ovary (CHO cells) (including dhir-CHO cells, described
in Urlaub and Chasin, (1980) Proc. Natl. Acad. Sci. USA
77:4216-4220, used with a DHFR selectable marker, e.g., as
described in R. J. Kautman and P. A. Sharp (1982) Mol. Biol.
159:601-621), NSO myeloma cells, COS cells and SP2 cells.
In particular, for use with NSO myeloma cells, another pre-
ferred expression system 1s the GS gene expression system
disclosed 1n WO 87/04462, WO 89/01036 and EP 338.,841.
When recombinant expression vectors encoding antibody
genes are introduced into mammalian host cells, the antibod-
1es are produced by culturing the host cells for a period of time
suificient to allow for expression of the antibody 1n the host
cells or, more preferably, secretion of the antibody into the
culture medium 1n which the host cells are grown. Antibodies
can be recovered from the culture medium using standard
protein purification methods.

Immunoconjugates

In another aspect, the present invention features a defuco-
sylated ant1-CD30 antibody, or a fragment thereof, conju-
gated to a therapeutic moiety, such as a cytotoxin, adrug(e.g.,
an immunosuppressant) or a radiotoxin. Such conjugates are
referred to herein as “immunoconjugates”. Immunoconju-
gates that include one or more cytotoxins are referred to as
“immunotoxins.” A cytotoxin or cytotoxic agent includes any
agent that 1s detrimental to (e.g., kills) cells. Examples
include taxol, cytochalasin B, gramicidin D, ethidium bro-
mide, emetine, mitomycin, etoposide, tenoposide, vincris-
tine, vinblastine, colchicin, doxorubicin, daunorubicin, dihy-
droxy anthracin dione, mitoxantrone, mithramycin,
actinomycin D, 1-dehydrotestosterone, glucocorticoids,
procaine, tetracaine, lidocaine, propranolol, and puromycin
and analogs or homologs thereof. Therapeutic agents also
include, for example, antimetabolites (e.g., methotrexate,
6-mercaptopurine, 6-thioguanine, cytarabine, 5-fluorouracil
decarbazine), alkylating agents (e.g., mechlorethamine,
thioepa chlorambucil, melphalan, carmustine (BSNU) and
lomustine (CCNU), cyclothosphamide, busulifan, dibromo-
mannitol, streptozotocin, mitomycin C, and cis-dichlorodi-
amine platinum (II) (DDP) cisplatin), anthracyclines (e.g.,
daunorubicin (formerly daunomycin) and doxorubicin), anti-
biotics (e.g., dactinomycin (formerly actinomycin), bleomy-
cin, mithramycin, and anthramycin (AMC)), and anti-mitotic
agents (e.g., vincristine and vinblastine).

Other preferred examples of therapeutic cytotoxins that
can be conjugated to an antibody of the mmvention include
duocarmycins, calicheamicins, maytansines and auristatins,
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and dernivatives thereof. An example of a calicheamicin anti-
body conjugate 1s commercially available (Mylotarg™;
Wyeth-Ayerst).

Cytoxins can be conjugated to antibodies of the invention
using linker technology available 1n the art. Examples of
linker types that have been used to conjugate a cytotoxin to an
antibody include, but are not limited to, hydrazones, thioet-
hers, esters, disulfides and peptide-containing linkers. A
linker can be chosen that 1s, for example, susceptible to cleav-
age by low pH within the lysosomal compartment or suscep-
tible to cleavage by proteases, such as proteases preferentially
expressed 1n tumor tissue such as cathepsins (e.g., cathepsins
B, C, D).

For further discussion of types of cytotoxins, linkers and
methods for conjugating therapeutic agents to antibodies, see
also Saito, G. et al. (2003) Adv. Drug Deliv. Rev. 55:199-213;
Trail, P. A. et al. (2003) Cancer Immunol. Immunother.
52:328-337; Payne, G. (2003) Cancer Cell 3:207-212; Allen,
T. M. (2002) Nat. Rev. Cancer 2:750-763; Pastan, 1. and
Kreitman, R. J. (2002) Curr. Opin. Investig. Drugs 3:1089-
1091; Senter, P. D. and Springer, C. I. (2001) Adv. Drug Deliv.
Rev. 53:247-264.

Antibodies of the present invention also can be conjugated
to a radioactive 1sotope to generate cytotoxic radiopharma-
ceuticals, also referred to as radioimmunoconjugates.
Examples of radioactive 1sotopes that can be conjugated to
antibodies for use diagnostically or therapeutically include,
but are not limited to, iodine'’', indium''", yttrium”™ and
lutetium' . Method for preparing radioimmunconjugates are
established 1n the art. Examples of radioimmunoconjugates
are commercially available, including Zevalin™ (IDEC
Pharmaceuticals) and Bexxar™ (Corixa Pharmaceuticals),
and similar methods can be used to prepare radioimmunocon-
jugates using the antibodies of the invention.

The antibody conjugates of the mvention can be used to
modily a given biological response, and the drug moiety 1s not
to be construed as limited to classical chemical therapeutic
agents. For example, the drug moiety may be a protein or
polypeptide possessing a desired biological activity. Such
proteins may include, for example, an enzymatically active
toxin, or active fragment thereof, such as abrin, ricin A,
pseudomonas exotoxin, or diphtheria toxin; a protein such as
tumor necrosis factor or iterferon-vy; or, biological response
modifiers such as, for example, lymphokines, interleukin-1
(“IL-17), interleukin-2 (*IL-2), terleukin-6 (*IL-6),
granulocyte macrophage colony stimulating factor (“GM-
CSE”), granulocyte colony stimulating factor (“G-CSF”), or
other growth factors.

Techniques for conjugating such therapeutic moiety to
antibodies are well known, see, e.g., Amon et al., “Mono-
clonal Antibodies For Immunotargeting Of Drugs In Cancer
Therapy”, in Monoclonal Antibodies And Cancer Therapy
Reisteld et al. (eds.), pp. 243-56 (Alan R. Liss, Inc. 1985);

Hellstrom et al., “Antibodies For Drug Delivery”, in Con-
trolled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp.
623-353 (Marcel Dekker, Inc. 1987); Thorpe, “Antibody Car-
riers Of Cytotoxic Agents In Cancer Therapy: A Review”, in
Monoclonal Antibodies '84: Biological And Clinical Appli-
cations. Pinchera et al. (eds.), pp. 475-506 (19835); “Analysis,
Results, And Future Prospective Of The Therapeutic Use Of
Radiolabeled Antibody In Cancer Therapy”, in Monoclonal
Antibodies For Cancer Detection And Therapy, Baldwin et al.
(eds.), pp. 303-16 (Academic Press 1985), and Thorpe et al.,
“The Preparation And Cytotoxic Properties Of Antibody-
Toxin Conjugates™, Immunol. Rev., 62:119-58 (1982).
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Pharmaceutical Compositions

In another aspect, the present invention provides a compo-
sition, €.g. a pharmaceutical composition, containing one or a
combination of monoclonal antibodies, or antigen-binding
portion(s) thereof, of the present invention, formulated
together with a pharmaceutically acceptable carrier. Such
compositions may include one or a combination of (e.g., two
or more different) antibodies, or immunoconjugates of the
invention. For example, a pharmaceutical composition of the
invention can comprise a combination of antibodies (or
immunoconjugates) that bind to different epitopes on the
target antigen or that have complementary activities.

Pharmaceutical compositions of the invention also can be
administered 1n combination therapy, i1.e., combined with
other agents. For example, the combination therapy can
include a defucosylated anti-CD30 antibody of the present
invention combined with at least one other anti-neoplastic,
anti-inflammatory or immunosuppressive agent. Such thera-
peutic agents include, among others, steroidal and nonsteroi-
dal anti-inflammatory drugs (NSAIDS), e.g., aspirin and
other salicylates, such as ibuprofen (Motrin, Advil), naproxen
(Naprosyn), sulindac (Clinoril), diclofenac (Voltaren),
piroxicam (Feldene), ketoprofen (Orudis), diflunisal (Dolo-
bid), nabumetone (Relaten), etodolac (Lodine), oxaprozin
(Daypro), indomethacin (Indocin), and aspirin in high doses.
Other examples of therapeutic agents that can be used 1n
combination therapy are described in greater detail below 1n
the section on uses of the antibodies of the 1nvention.

As used herein, “pharmaceutically acceptable carnier”
includes any and all solvents, dispersion media, coatings,
antibacterial and antifungal agents, 1sotonic and absorption
delaying agents, and the like that are physiologically compat-
ible. Preferably, the carrier 1s suitable for intravenous, intra-
muscular, subcutaneous, parenteral, spinal or epidermal
administration (e.g., by injection or infusion). Depending on
the route of administration, the active compound, 1.e., anti-
body or immunoconjuage, may be coated 1n a matenal to
protect the compound from the action of acids and other
natural conditions that may 1nactivate the compound.

The pharmaceutical compounds of the invention may
include one or more pharmaceutically acceptable salts. A
“pharmaceutically acceptable salt” refers to a salt that retains
the desired biological activity of the parent compound and
does not impart any undesired toxicological etfects (see e.g.,
Berge, S. M., etal. (1977)J. Pharm. Sci. 66:1-19). Examples
of such salts include acid addition salts and base addition
salts. Acid addition salts include those derived from nontoxic
inorganic acids, such as hydrochloric, nitric, phosphoric, sul-
turic, hydrobromic, hydroiodic, phosphorous and the like, as
well as from nontoxic organic acids such as aliphatic mono-
and dicarboxylic acids, phenyl-substituted alkanoic acids,
hydroxy alkanoic acids, aromatic acids, aliphatic and aro-
matic sulfonic acids and the like. Base addition salts include
those derived from alkaline earth metals, such as sodium,
potassium, magnesium, calcium and the like, as well as from
nontoxic organic amines, such as N,N'-dibenzylethylenedi-
amine, N-methylglucamine, chloroprocaine, choline, dietha-
nolamine, ethylenediamine, procaine and the like.

A pharmaceutical composition of the invention also may
include a pharmaceutically acceptable anti-oxidant.
Examples of pharmaceutically acceptable antioxidants
include: (1) water soluble antioxidants, such as ascorbic acid,
cysteine hydrochloride, sodium bisuliate, sodium met-
abisulfite, sodium sulfite and the like; (2) oil-soluble antioxi-
dants, such as ascorbyl palmitate, butylated hydroxyanisole
(BHA), butylated hydroxytoluene (BHT), lecithin, propyl

gallate, alpha-tocopherol, and the like; and (3) metal chelat-
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ing agents, such as citric acid, ethylenediamine tetraacetic
acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and the
like.

Examples of suitable aqueous and nonaqueous carriers that
may be employed 1n the pharmaceutical compositions of the
invention include water, ethanol, polyols (such as glycerol,
propylene glycol, polyethylene glycol, and the like), and suit-
able mixtures thereol, vegetable oils, such as olive oil, and
injectable organic esters, such as ethyl oleate. Proper fluidity
can be maintained, for example, by the use of coating mate-
rials, such as lecithin, by the maintenance of the required
particle size in the case of dispersions, and by the use of
surfactants.

These compositions may also contain adjuvants such as
preservatives, wetting agents, emulsifying agents and dis-
persing agents. Prevention of presence ol microorganisms
may be ensured both by sterilization procedures, supra, and
by the inclusion of various antibacterial and antifungal
agents, for example, paraben, chlorobutanol, phenol sorbic
acid, and the like. It may also be desirable to include 1sotonic
agents, such as sugars, sodium chloride, and the like 1nto the
compositions. In addition, prolonged absorption of the inject-
able pharmaceutical form may be brought about by the inclu-
sion of agents which delay absorption such as aluminum
monostearate and gelatin.

Pharmaceutically acceptable carriers include sterile aque-
ous solutions or dispersions and sterile powders for the
extemporaneous preparation of sterile injectable solutions or
dispersion. The use of such media and agents for pharmaceu-
tically active substances 1s known in the art. Except insofar as
any conventional media or agent 1s incompatible with the
active compound, use thereof 1n the pharmaceutical compo-
sitions of the invention 1s contemplated. Supplementary
active compounds can also be incorporated 1nto the compo-
sitions.

Therapeutic compositions typically must be sterile and
stable under the conditions of manufacture and storage. The
composition can be formulated as a solution, microemulsion,
liposome, or other ordered structure suitable to high drug
concentration. The carrier can be a solvent or dispersion
medium containing, for example, water, ethanol, polyol (for
example, glycerol, propylene glycol, and liquid polyethylene
glycol, and the like), and suitable mixtures thereof. The
proper fluidity can be maintained, for example, by the use of
a coating such as lecithin, by the maintenance of the required
particle size 1 the case of dispersion and by the use of sur-
factants. In many cases, 1t will be preferable to imnclude 1so0-
tonic agents, for example, sugars, polyalcohols such as man-
nitol, sorbitol, or sodium chloride 1n the composition.
Prolonged absorption of the mjectable compositions can be
brought about by including 1n the composition an agent that

delays absorption, for example, monostearate salts and gela-
tin.

Sterile 1njectable solutions can be prepared by incorporat-
ing the active compound in the required amount 1n an appro-
priate solvent with one or a combination of ingredients enu-
merated above, as required, followed by sterilization
microfiltration. Generally, dispersions are prepared by 1ncor-
porating the active compound 1nto a sterile vehicle that con-
tains a basic dispersion medium and the required other ingre-
dients from those enumerated above. In the case of sterile
powders for the preparation of sterile injectable solutions, the
preferred methods of preparation are vacuum drying and
freeze-drying (lyophilization) that yield a powder of the
active ingredient plus any additional desired ingredient from
a previously sterile-filtered solution thereof.
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The amount of active ingredient which can be combined
with a carrier material to produce a single dosage form will
vary depending upon the subject being treated, and the par-
ticular mode of adminmistration. The amount of active ingre-
dient which can be combined with a carrier material to pro-
duce a single dosage form will generally be that amount of the
composition which produces a therapeutic effect. Generally,
out of one hundred percent, this amount will range from about
0.01 percent to about ninety-nine percent of active ingredient,
preferably from about 0.1 percent to about 70 percent, most
preferably from about 1 percent to about 30 percent of active
ingredient in combination with a pharmaceutically accept-
able carrier.

Dosage regimens are adjusted to provide the optimum
desired response (e.g. a therapeutic response). For example, a
single bolus may be administered, several divided doses may
be administered over time or the dose may be proportionally
reduced or increased as indicated by the exigencies of the
therapeutic situation. It 1s especially advantageous to formu-
late parenteral compositions 1n dosage unit form for ease of
administration and uniformity of dosage. Dosage unit form as
used herein refers to physically discrete units suited as unitary
dosages for the subjects to be treated; each unit contains a
predetermined quantity of active compound calculated to pro-
duce the desired therapeutic efiect 1in association with the
required pharmaceutical carrier. The specification for the dos-
age unit forms of the invention are dictated by and directly
dependent on (a) the unique characteristics of the active com-
pound and the particular therapeutic effect to be achieved, and
(b) the limitations inherent 1n the art of compounding such an
active compound for the treatment of sensitivity 1n individu-
als.

For administration of the antibody, the dosage ranges from
about 0.0001 to 100 mg/kg, and more usually 0.01 to 5 mg/kg,
of the host body weight. For example dosages can be 0.3
mg/kg body weight, 1 mg/kg body weight, 3 mg/kg body
weight, 5 mg/kg body weight or 10 mg/kg body weight or
within the range of 1-10 mg/kg. An exemplary treatment
regime entails administration once per week, once every two
weeks, once every three weeks, once every four weeks, once
a month, once every 3 months or once every three to 6 months.
Preferred dosage regimens for a defucosylated anti-CD30
antibody of the invention include 1 mg/kg body weight or 3
mg/kg body weight via intravenous administration, with the
antibody being given using one of the following dosing
schedules: (1) every four weeks for six dosages, then every
three months; (1) every three weeks; (1) 3 mg/kg body
weight once followed by 1 mg/kg body weight every three
weeks.

In some methods, two or more monoclonal antibodies with
different binding specificities are administered simulta-
neously, 1n which case the dosage of each antibody adminis-
tered falls within the ranges indicated. Antibody 1s usually
administered on multiple occasions. Intervals between single
dosages can be, for example, weekly, monthly, every three
months or yearly. Intervals can also be irregular as indicated
by measuring blood levels of antibody to the target antigen 1n
the patient. In some methods, dosage 1s adjusted to achieve a
plasma antibody concentration of about 1-1000 ug/ml and in
some methods about 25-300 pg/mil.

Alternatively, antibody can be administered as a sustained
release formulation, 1n which case less frequent administra-
tion 1s required. Dosage and frequency vary depending on the
half-life of the antibody in the patient. In general, human
antibodies show the longest half life, followed by humanized
antibodies, chimeric antibodies, and nonhuman antibodies.
The dosage and frequency of administration can vary depend-
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ing on whether the treatment 1s prophylactic or therapeutic. In
prophylactic applications, a relatively low dosage 1s admin-
istered at relatively infrequent intervals over a long period of
time. Some patients continue to receive treatment for the rest
of their lives. In therapeutic applications, a relatively high
dosage at relatively short intervals 1s sometimes required until
progression of the disease 1s reduced or terminated, and pret-
erably until the patient shows partial or complete ameliora-
tion of symptoms of disease. Thereafter, the patient can be
administered a prophylactic regime.

Actual dosage levels of the active ingredients in the phar-
maceutical compositions of the present mmvention may be
varied so as to obtain an amount of the active ingredient which
1s effective to achieve the desired therapeutic response for a
particular patient, composition, and mode of administration,
without being toxic to the patient. The selected dosage level
will depend upon a variety of pharmacokinetic factors includ-
ing the activity of the particular compositions of the present
ivention employed, or the ester, salt or amide thereof, the
route of administration, the time of administration, the rate of
excretion of the particular compound being employed, the
duration of the treatment, other drugs, compounds and/or
materials used 1n combination with the particular composi-
tions employed, the age, sex, weight, condition, general
health and prior medical history of the patient being treated,
and like factors well known in the medical arts.

A “therapeutically effective dosage™ of an ant1-CD?30 anti-
body of the invention preferably results 1n a decrease 1n sever-
ity of disease symptoms, an increase in frequency and dura-
tion ol disease symptom-iree periods, or a prevention of
impairment or disability due to the disease afiliction. For
example, for the treatment of cancerous tumors, a “therapeu-
tically effective dosage” preferably inhibits cell growth or
tumor growth by at least about 20%, more preferably by at
least about 40%, even more preferably by at least about 60%,
and still more preferably by at least about 80% relative to
untreated subjects. The ability of a compound to inhibit tumor
growth can be evaluated in an animal model system predictive
of efficacy in human tumors. Alternatively, this property of a
composition can be evaluated by examining the ability of the
compound to inhibit, such inhibition 1n vitro by assays known
to the skilled practitioner. A therapeutically effective amount
ol a therapeutic compound can decrease tumor size, or oth-
erwise ameliorate symptoms in a subject. One of ordinary
skill in the art would be able to determine such amounts based
on such factors as the subject’s size, the severity of the sub-
ject’s symptoms, and the particular composition or route of
administration selected.

A composition of the present invention can be adminis-
tered via one or more routes of administration using one or
more of a variety of methods known 1n the art As will be
appreciated by the skilled artisan, the route and/or mode of
administration will vary depending upon the desired results.
Preferred routes of administration for antibodies of the inven-
tion include ntravenous, intramuscular, intradermal, intrap-
eritoneal, subcutaneous, spinal or other parenteral routes of
administration, for example by imjection or infusion. The
phrase “parenteral administration” as used herein means
modes of administration other than enteral and topical admin-
istration, usually by injection, and includes, without limita-
tion, intravenous, intramuscular, intraarterial, intrathecal, int-
racapsular, intraorbital, intracardiac, intradermal,
intraperitoneal, transtracheal, subcutaneous, subcuticular,
intraarticular, subcapsular, subarachnoid, intraspinal, epidu-
ral and intrasternal injection and infusion.

Alternatively, a defucosylated antibody of the invention
can be administered via a non-parenteral route, such as a




US 8,207,303 B2

39

topical, epidermal or mucosal route of administration, for
example, intranasally, orally, vaginally, rectally, sublingually
or topically.

The active compounds can be prepared with carriers that
will protect the compound against rapid release, such as a
controlled release formulation, including implants, transder-
mal patches, and microencapsulated delivery systems. Bio-
degradable, biocompatible polymers can be used, such as
cthylene vinyl acetate, polyanhydrides, polyglycolic acid,
collagen, polyorthoesters, and polylactic acid. Many methods
tor the preparation of such formulations are patented or gen-
crally known to those skilled 1n the art. See, e.g., Sustained
and Controlled Release Drug Delivery Systems. J. R. Robin-
son, ed., Marcel Dekker, Inc., New York, 1978.

Therapeutic compositions can be administered with medi-
cal devices known 1n the art. For example, in a preferred
embodiment, a therapeutic composition of the imnvention can
be administered with a needleless hypodermic injection
device, such as the devices disclosed in U.S. Pat. Nos. 5,399,
163;5,383,851;5,312,335;5,064,413; 4,941,880, 4,790,824
or4,596,556. Examples of well-known implants and modules
useiul 1 the present invention include: U.S. Pat. No. 4,487,
603, which discloses an implantable micro-infusion pump for
dispensing medication at a controlled rate; U.S. Pat. No.
4,486,194, which discloses a therapeutic device for adminis-
tering medicants through the skin; U.S. Pat. No. 4,447,233,
which discloses a medication infusion pump for delivering
medication at a precise infusion rate; U.S. Pat. No. 4,447,224,
which discloses a variable tlow implantable intfusion appara-
tus for continuous drug delivery; U.S. Pat. No. 4,439,196,
which discloses an osmotic drug delivery system having
multi-chamber compartments; and U.S. Pat. No. 4,475,196,
which discloses an osmotic drug delivery system. These pat-
ents are incorporated herein by reference. Many other such
implants, delivery systems, and modules are known to those
skilled 1n the art.

In certain embodiments, the defucosylated antibodies of
the mvention can be formulated to ensure proper distribution
in vivo. For example, the blood-brain barrier (BBB) excludes
many highly hydrophilic compounds. To ensure that the
therapeutic compounds of the invention cross the BBB (if
desired), they can be formulated, for example, 1n liposomes.
For methods of manufacturing liposomes, see, e.g., U.S. Pat.
Nos. 4,522,811; 5,374,548; and 5,399,331. The liposomes
may comprise one or more moieties which are selectively
transported into specific cells or organs, thus enhance tar-
geted drug delivery (see, e.g., V. V. Ranade (1989) J. Clin.
Pharmacol. 29:685). Exemplary targeting moieties include
folate or biotin (see, e.g., U.S. Pat. No. 5,416,016 to Low et
al); mannosides (Umezawa et al., (1988) Biochem. Biophys.
Res. Commun. 153:1038); antibodies (P. G. Bloeman et al.
(1995) FEBS Lett. 357:140; M. Owais et al. (1995) Antimi-
crob. Agents Chemother. 39:180); surfactant protein A recep-
tor (Briscoe et al. (1995) Am. J. Physiol. 1233:134); p120
(Schreier et al. (1994) J. Biol. Chem. 269:9090); see also K.
Keinanen; M. L. Laukkanen (1994) FEBS Lett. 346:123; 1. 1.
Killion; I. J. Fidler (1994) Immunomethods 4:273.

Uses and Methods of the Invention

The defucosylated antibodies, antibody compositions and
methods of the present invention have numerous 1n vitro and
in vivo diagnostic and therapeutic utilities involving the diag-
nosis and treatment of disorders involving CD30 expression.
For example, these molecules can be administered to cells 1n
culture, e.g. 1n vitro or €x vivo, or to human subjects, e.g., 1n
vIvo, to treat, prevent and to diagnose a variety of disorders.
As used herein, the term “subject” 1s intended to include
human and non-human animals. Non-human animals
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includes all vertebrates, e.g., mammals and non-mammals,
such as non-human primates, sheep, dogs, cats, cows, horses,
pigs, chickens, avians, amphibians, and reptiles. Preferred
subjects include human patients having disorders character-
1zed by CD30 expression. When antibodies to CD30 are
administered together with another agent, the two can be
administered 1n either order or simultaneously.

Suitable routes of administering the antibody composi-
tions (e.g., antibody or immunoconjugate) of the invention in
vivo and 1n vitro are well known 1n the art and can be selected
by those of ordinary skill. For example, the antibody compo-
sitions can be administered by injection (e.g., intravenous or
subcutaneous). Suitable dosages of the molecules used will
depend on the age and weight of the subject and the concen-
tration and/or formulation of the antibody composition.

In one embodiment, the antibodies of the invention can be
initially tested for binding activity associated with therapeu-
tic or diagnostic use 1n vitro. For example, compositions of
the mvention can be tested using ELISA and flow cytometric
assays. Moreover, the activity ol these molecules 1in triggering
at least one effector-mediated effector cell activity, including
inhibiting the growth of and/or killing of cells expressing
CD30 can be assayed. Protocols for assaying for effector
cell-mediated ADCC are described 1n the Examples below.

A. Detection Methods

In one embodiment, the antibodies of the invention can be
used to detect levels o1 CD30, or levels of cells which contain
CD30 on their membrane surface, which levels can then be
linked to certain disease symptoms.

In a particular embodiment, the invention provides meth-
ods for detecting the presence o CD30 antigen 1n a sample, or
measuring the amount of CD30 antigen, comprising contact-
ing the sample, and a control sample, with a defucosylated
antibody, or an antigen binding portion thereof, which spe-
cifically binds to CD30, under conditions that allow for for-
mation of a complex between the antibody or portion thereof
and CD30. The formation of a complex 1s then detected,
wherein a difference complex formation between the sample
compared to the control sample 1s indicative the presence of
CD30 antigen 1n the sample. For example, standard detection
methods, well-known 1n the art, such as ELISA and flow
cytometic assays, can be performed using the compositions of
the mvention.

Accordingly, 1n one aspect, the mmvention further provides
methods for detecting the presence of CD30 (e.g., human
CD30 anftigen) 1n a sample, or measuring the amount of
CD30, comprising contacting the sample, and a control
sample, with an antibody of the mvention, or an antigen
binding portion thereof, which specifically binds to CID30,
under conditions that allow for formation of a complex
between the antibody or portion thereof and CID30. The for-
mation of a complex is then detected, wherein a difference in
complex formation between the sample compared to the con-
trol sample 1s indicative of the presence of CD30 i the
sample.

The compositions of the invention can also be used to target
cells expressing CD30, for example for labeling such cells.
For such use, the binding agent can be linked to a molecule
that can be detected. Thus, the invention provides methods for
localizing ex vivo or in vitro cells expressing CD30. The
detectable label can be, e.g., a radioisotope, a fluorescent

compound, an enzyme, or an enzyme co-factor.
B. Inhibition of Growth of CD30+ Cells

The antibodies can be used to 1nhibit or block CD30 func-
tion which, 1n turn, can be linked to the prevention or ame-
lioration of certain disease symptoms, thereby implicating

CD30 as being involved 1n the disease. Differences in CD30
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expression during a disease state as compared to a non-dis-
case state can be determined by contacting a test sample from
a subject suffering from the disease and a control sample with
the ant1-CIDD30 antibody under conditions that allow for the
formation of a complex between the antibody and CD30. Any
complexes formed between the antibody and CD30 are
detected and compared in the sample and the control.

For example, the antibodies can be used to elicit 1n vivo or
in vitro one or more of the following biological activities: to
inhibit the growth of and/or kill a cell expressing CID30; to
mediate phagocytosis or ADCC of a cell expressing CID30 in
the presence of human etfector cells; to inhibit shedding of
soluble CD30, to block CD30 ligand binding to CID30, to
inhibit 1.4 expression or to mediate expression of the Th2
phenotype, e.g., at low dosages. As discussed herein, the
defucosylated antibodies of the invention exhibit enhanced
ADCC activity as compared to the fucosylated form of the
antibody.

Accordingly, 1n another aspect, the mvention provides a
method of imnhibiting growth of CD30™ cells comprising con-
tacting said cells with a defucosylated anti-CD30 antibody
under conditions suificient to induce antibody-dependent cel-
lular cytoxicity (ADCC) of said cells. The cells can be, for
example, tumor cells. In a preferred embodiment, the anti-
CD30 antibody 1s a human antibody.

In one embodiment, the antibodies, or binding portions
thereot, of the present mvention can be used to modulate
CD30 levels on target cells, such as by capping and eliminat-
ing receptors on the cell surface. Mixtures of anti-Fc receptor
antibodies can also be used for this purpose.

Target-specific effector cells, e.g., effector cells linked to
compositions of the imvention can also be used as therapeutic
agents. Eflector cells for targeting can be human leukocytes
such as macrophages, neutrophils or monocytes. Other cells
include eosinophils, natural killer cells and other I1gG- or
IgA-receptor bearing cells. IT desired, eflector cells can be
obtained from the subject to be treated. The target-specific
elfector cells, can be administered as a suspension of cells 1n
a physiologically acceptable solution. The number of cells
administered can be in the order of 108%-10” but will vary
depending on the therapeutic purpose. In general, the amount
will be suificient to obtain localization at the target cell, e.g. a
tumor cell expressing CD30, and to effect cell kalling by, e.g.,
phagocytosis. Routes of administration can also vary.

Therapy with target-specific effector cells can be per-
formed 1n conjunction with other techniques for removal of
targeted cells. For example, anti-tumor therapy using the
compositions of the mvention and/or effector cells armed
with these compositions can be used 1n conjunction with
chemotherapy. Additionally, combination immunotherapy
may be used to direct two distinct cytotoxic effector popula-
tions toward tumor cell rejection.

C. Use of Immunoconjugates and Combination Therapy

In one embodiment, immunoconjugates of the invention
can be used to target compounds (e.g., therapeutic agents,
labels, cytotoxins, radiotoxins immunosuppressants, etc.) to
cells which have CD30 cell surface receptors by linking such
compounds to the antibody. Thus, the invention also provides
methods for localizing ex vivo or in vitro cells expressing,
CD30 (e.g., with a detectable label, such as a radioisotope, a
fluorescent compound, an enzyme, or an enzyme co-factor).
Alternatively, the immunoconjugates can be used to kill cells
which have CID30 cell surface receptors by targeting cytotox-
ins or radiotoxins to CD30, such as to CD30-expressing
tumor cells to thereby eliminate the tumor cell, or to CD30-
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expressing antigen-presenting cells to thereby eliminate the
APCs as a means to inhibit immune responses (e.g., 1n
autormmune disorders).

In other embodiments, the subject can be additionally
treated with an agent that modulates, e.g., enhances or inhib-
its, the expression or activity of Fcy or Feyreceptors by, for
example, treating the subject with a cytokine. Preferred
cytokines for administration during treatment include of
granulocyte colony-stimulating factor (G-CSF), granulocyte-
macrophage colony-stimulating factor (GM-CSF), inter-
teron-y(IFN-v), and tumor necrosis factor (TINF).

In another embodiment, the subject can be additionally
treated with a lymphokine preparation. Cancer cells which do
not highly express CD30 can be induced to do so using
lymphokine preparations. Lymphokine preparations can
cause a more homogeneous expression of CD30 among cells
of a tumor which can lead to a more effective therapy. Lym-
phokine preparations suitable for administration include
interferon-gamma, tumor necrosis factor, and combinations
thereof. These can be admimstered intravenously. Suitable
dosages of lymphokine are 10,000 to 1,000,000 units/patient.

In another embodiment, patients treated with antibody
compositions of the mvention can be additionally adminis-
tered (prior to, simultaneously with, or following administra-
tion of an antibody of the invention) with another therapeutic
agent, such as a cytotoxic or radiotoxic agent, which enhances
or augments the therapeutic effect of the human antibodies.
The antibody can be linked to the agent (as an immunocom-
plex) or can be administered separate from the agent. In the
latter case (separate administration), the antibody can be
administered before, after or concurrently with the agent or
can be co-administered with other known therapies, e€.g., an
anti-cancer therapy, e.g., radiation. Such therapeutic agents
include, among others, anti-neoplastic agents such as doxo-
rubicin (adriamycin), cisplatin bleomycin sulfate, carmus-
tine, chlorambucil, and cyclophosphamide hydroxyurea
which, by themselves, are only effective at levels which are
toxic or subtoxic to a patient. Cisplatin 1s intravenously
administered as a 100 mg/ml dose once every four weeks and
adriamycin 1s mtravenously administered as a 60-75 mg/ml
dose once every 21 days. Co-administration of the ant1-CD30
antibodies, or antigen binding fragments thereof, of the
present invention with chemotherapeutic agents provides two
anti-cancer agents which operate via different mechanisms
which yield a cytotoxic effect to human tumor cells. Such
co-administration can solve problems due to development of
resistance to drugs or a change 1n the antigenicity of the tumor
cells which would render them unreactive with the antibody.

D. Treatment of Autoimmune Diseases

The compositions can be used 1n vitro or 1n vivo to treat
diseases mediated by or mvolving CD30, for example, dis-
cases characterized by expression, typically overexpression,
of CD30 such as autoimmune diseases mediated by macroph-
ages, activated neutrophils, dendritic cells or NK cells, such
as transplantation rejection, or Grait versus Host Disease
(GVHD). Soluble CD30 1s regularly shed from the surface of
cells expressing CD30 and elevated sCD30 levels have been
reported 1n the serum of patients with a variety of tumorigenic
and autoimmune disorders. Accordingly, yet another use for
the antibodies of the invention includes the prevention or
treatment ol diseases ivolving blocking or inhibiting of
shedding of sCD30.

By contacting the antibody with CD30 (e.g., by adminis-
tering the antibody to a subject), the ability of CID30 to induce
such activities 1s inhibited and, thus, the associated disorder 1s
treated. The antibody composition can be administered alone
or along with another therapeutic agent, such as an immuno-
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suppressant which acts in conjunction with or synergistically
with the antibody composition to treat or prevent the CD30
mediated disease. Preferred antibodies bind to epitopes
which are specific to CD30 and, thus, advantageously inhibit
CD30 mnduced activities, but do not interfere with the activity
of structurally related surface antigens. The compositions can
be used to treat any diseases mediated by CD30 expressing,
cells, including, but not limited to, autoimmune hemolytic
anemia (AIHA), rheumatoid arthritis (RA), systemic lupus
erythematosus (SLE), Systemic Sclerosis, Atopic Dermatitis,
Graves’disease, Hashimoto’s thyroiditis, Wegner’s granulo-
matosis, Omen’s syndrome, chronic renal failure, 1diopathic
thrombocytopenic purpura (ITP), intlammatory bowel dis-
case (IBD; including Crohn’s Disease, Ulcerative Colitis and
Celiac’s Disease), insulin dependent diabetes mellitus
(IDDM), acute infectious mononucleosis, HIV, herpes virus
associated diseases, multiple sclerosis (MS), hemolytic ane-
mia, thyroiditis, stiff man syndrome, pemphigus vulgaris and
myasthenia gravis (MG).

E. Treatment of Cancer

In another embodiment, the present invention provides a
method of inhibiting the growth of CD30+ tumor cells (1.e.,
tumor cells expressing CD30) 1n a subject, 1n which a defu-
cosylated anti-CD30 antibody of the ivention 1s adminis-
tered to the subject such that growth of the CD30+ tumor cells
1s inhibited. For human subjects, the antibody preferably 1s a
humanized or human antibody. In a preferred embodiment,
the tumor cells are Hodgkin’s Disease tumor cells. In another
preferred embodiment, the tumor cells are anaplastic large-
cell lymphomas (ALCL) tumor cells. In other embodiments,
the tumor cells may be from a disease selected from the group
consisting ol non-Hodgkin’s lymphoma, Burkitt’s lym-
phoma, cutaneous T-cell lymphomas, nodular small cleaved-
cell lymphomas, lymphocytic lymphomas, peripheral T-cell
lymphomas, Lennert’s lymphomas, immunoblastic lympho-
mas, T-cell leukemia/lymphomas (ATLL), adult T-cell leuke-
mia (T-ALL), entroblastic/centrocytic (cb/cc) follicular lym-
phomas cancers, diffuse large cell lymphomas of B lineage,
angioimmunoblastic lymphadenopathy (AILD)-like T cell
lymphoma, adult T-cell lymphoma (ATL), HIV associated
body cavity based lymphomas, Embryonal Carcinomas,
undifferentiated carcinomas of the rhino-pharynx (e.g.,
Schmincke’s tumor), Castleman’s disease, Kaposi’s Sar-
coma and other CD30+ T-cell lymphomas and CD30+ B-cell
lymphomas.

The method 1nvolves administering to a subject an anti-
body composition of the present invention 1n an amount effec-
tive to treat or prevent the disorder. The antibody composition
can be admimistered alone or along with another therapeutic
agent, such as a cytotoxic or a radiotoxic agent which acts 1n
conjunction with or synergistically with the antibody compo-
sition to treat or prevent the disease associated with CD30
eXpression.

Kits

Also within the scope of the invention are kits comprising
an antibody of the invention and instructions for use. The kit
can further contain one or more additional reagents, such as
an 1mmunostimulatory reagent, a cytotoxic agent or a
radiotoxic agent, or one or more additional antibodies of the
invention (e.g., an antibody having a complementary activity
which binds to an epitope 1n the CD30 antigen distinct from
the first antibody). Kits typically include a label indicating the
intended use of the contents of the kit. The term label includes
any writing, or recorded material supplied on or with the kat,
or which otherwise accompanies the kait.

The present invention 1s further 1llustrated by the following
examples which should not be construed as further limiting.
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The contents of all figures and all references, patents and
published patent applications cited throughout this applica-
tion are expressly incorporated herein by reference.

EXAMPLES

Example 1

Preparation and Characterization of Defucosylated
Ant1-CD30 Monoclonal Antibody

In this example, a fully human ant1-CID30 monoclonal
antibody was expressed 1n a cell line lacking a tucosyl trans-
ferase enzyme such that the cell line produces proteins lack-
ing fucose 1n their carbohydrates. The defucosylated antibody
was tested against a fucosylated anti-CD30 antibody (ex-
pressed 1n a different cell line that contains the fucosyl trans-
ferase enzyme) to determine structural and characteristic dii-
ferences between the antibodies, using a variety of chemaical
analysis techniques, including capillary electrophoresis,
comparison of amino acid sequence, mass differences by
mass spectroscopy and charge variation by capillary isoelec-
tric focusing.

The ant1-CD30 fully human monoclonal antibody 5F11
was originally described in PCT Publication WO 03/059282.
The amino acid and nucleotide sequences of the 5F11 heavy
chain 1s shown in FIG. 1A and the amino acid and nucleotide
sequences of the SF11 light chain are shown 1n FIG. 1B. The
SF11 heavy and light chain variable sequences were sub-
cloned into an expression vector. The SF11 kappa variable
region cDNA, including 1ts signal sequence and an optimal
Kozak sequence, was subcloned in frame with the human
kappa constant region. The SF11 heavy chain variable region
cDNA, including 1ts signal sequence and an optimal Kozak
sequence, was subcloned 1n frame with the human v1 heavy
constant region. Both light and heavy chain expression were
driven by human ubiquitin C promoters (Nenoi, M. et al.
(Gene 175:179, 1996). This expression vector 1s described in
turther detail 1n U.S. Patent Application Ser. No. 60/500,803,
the contents of which are expressly incorporated herein by
reference.

The expression vector was transfected into the FUT8-
host cell line Ms704 by DNA electroporation. The Ms704
FUT8 "~ cell line was created by the targeted disruption of the
FUTR8 gene in CHO/DG44 cells using two replacement vec-
tors, and 1s more fully described 1n U.S. Patent Publication
20040110704 by Yamane et al. and Yamane-Ohnuki et al.
(2004) Biotechnol Bioeng 87:614-22. The Ms704 cells were
adapted to growth 1n suspension culture in growth medium,
EX-CELL™ 325 PF CHO Medium (JRH #14335) supple-
mented with 100 uM hypoxanthine with 16 uM thymidine
(Invitrogen #11067-030) and 6 mM L-glutamine (Invitrogen
#25030-081).

The vector DNA to be used for electroporation was ethanol
precipitated and resuspended 1n 10 mM Trnis 7.6, 1 mM
EDTA. 1, 5, 10, 15 or 20 ug DNA was utilized for twenty
clectroporations, four electroporations per DNA concentra-
tion. The Ms704 cells were prepared for transfection by
washing the cells 1n a sucrose-buffered solution (SBS) and
resuspending the cells at 1x10” cells/ml SBS solution. 400 ul
cells were mixed with construct DNA and electroporated
utilizing settings at 230 volts, 400 microfaradays capacitance
and 13 ohms resistance (BTX Molecular Delivery Systems
#600 electro cell manipulator). The cells were removed from
the electroporation cuvettes and 20 ml growth medium was
added. The cells were plated into a 96 well dish using 200 pl
cells per well, approximately 4x10” cells/well. 2 days after
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the electroporation, 150 ul of medium was removed from
cach well and replaced with 1350 ul selection medium, growth
medium with 400 ug/ml G418 (Invitrogen #10131-035).
Every three to seven days, 150 ul of selection medium per
well was replaced with fresh selection medium. CHO DG44
host cells (FUT 8+/+) were electroporated with the identical
SF11 construct using a similar procedure and CHO DG44
transiectants expressing recombinant SF11 antibody contain-
ing fucosylated carbohydrates were established.

The highest producing Ms704 and CHO DG44 clones were
expanded and recombinant 5F11 antibody was purified from
cell culture supernatants by Protein A affinity chromatogra-
phy.

Comparative analysis of N-linked oligosaccharides
derived from the Ms704 and the CHO DG44 derived anti-
CD30 monoclonal antibody samples was done by capillary
clectrophoresis laser induced fluorescence (cLIF) (Chen and
Evangelista (1998) Electrophoresis 15:1892). The N-linked
oligosaccharides of the purified antibody were released by
adding the peptide N-glycanase (Prozyme) and incubating
overnight. The protein was ethanol precipitated, and the car-
bohydrate containing supernatant was transferred to a new
tube and dried using a Speedvac. The carbohydrates were
resuspended and derivatized with 8-aminopyrene-1,3,6-
trisulfonate (APTS) under mild reductive amination condi-
tions 1n which desialylation and loss of fucose residues was
mimmized. The reaction adducts were analyzed by capillary
clectrophoresis with a laser-induced fluorescence detector
(Beckman Coulter) (Ma and Nashabeh (1999) Anal. Chem.
71:5183). Differences in the oligosaccharide profile were
observed between the antibody obtained from the Ms’704 cell
line as compared to the CHO DG44 cell line, consistent with
an absence of fucose residues 1n the Ms704 derived anti-
CD30 antibodies.

To confirm the absence of fucose residues on the antibody
expressed 1n Ms704 cells, monosaccharide composition

analysis was performed. The results are shown below 1n Table
1:

TABL.

L1l

1

Monosaccharide Analysis

Amount

Protein Found  mol Sugar/

Antibody Amount (ug) Monosaccharide (pmol) mol Protein
Anti-CD30 + 29 ng Fucose 206.0 1.0
fucose (Galactosamine 0.0 0.0
(Glucosamine 847.6 4.4
(Galactose 85.8 0.5
Mannose 547.0 2.9
Anti-CD30 - 23 ug Fucose 0.0 0.0
fucose (Galactosamine 0.0 0.0
(Glucosamine 655.2 4.3
(Galactose 89.7 0.6
Mannose 488.% 3.2

The results of the monosaccharide analysis confirm that the
antibody expressed 1n Ms704 cells lacks fucosyl residues.
Aside from the difference in oligosaccharides shown by
capillary electrophoresis and monosaccharide analysis, the
Ms704 and CHO DG44 dertved anti-CID30 antibody protein
samples were essentially identical. Analysis of N-terminal
protein sequence revealed an 1dentical N-terminal amino acid
sequence. Mass spectroscopy of the light chain of the Ms704
and CHO DG44 derived anti-CD30 antibodies yielded
masses 01 23,740 and 23,742, respectively, which were within
the error of the mstrument. The two antibodies were also
tested using a standard capillary 1soelectric focusing kit assay
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(Beckman Coulter) and showed that the two antibody
samples had an 1dentical 1soelectric point at 8.6. These studies
indicate that the protein component of the antibody samples
derived from the Ms704 and the CHO DG44 cells are essen-
tially identical with the exception of the defucosylation of the
carbohydrate component of the Ms704 derived antibodies.

Example 2

Assessment of ADCC Activity of Defucosylated
Ant1-CD30 Antibody

The anti-CD30 monoclonal antibody 3F11 1s capable of
killing CID30+ cells through the recruitment of an effector cell
population via antibody dependent cellular cytotoxicity
(ADCC). In this example, defucosylated SF11 (defuc-5F11)
monoclonal antibodies were tested for the ability to kall
CD30+ cell lines 1n the presence of effector cells 1n a cyto-
toxicity chromium release assay.

Human effector cells were prepared from whole blood as
follows. Human peripheral blood mononuclear cells were
purified from heparinized whole blood by standard Ficoll-

paque separation. The cells were resuspended 1n RPMI11640
media containing 10% FBS and 200 U/ml of human IL-2 and
incubated overnight at 37° C.

The following day, the cells were collected and washed
once in culture media and resuspended at 1x107 cells/ml. Two
million target CD30+ cells were incubated with 200 nCi>'Cr
in 1 ml total volume for 1 hour at 37° C. The target cells were
washed once, resuspended 1n 1 ml of media, and incubated at
37° C. for an additional 30 minutes. After the final incubation,
the target cells were washed once and brought to a final

volume of 1x10° cells/ml.

The CD30+ cell lines L5400 (human Hodgkin’s lymphoma;
DSMZ Deposit No. ACC 72), L428 (human Hodgkin’s lym-
phoma; DSMZ Deposit No. ACC 197), L1236 (human
Hodgkin’s lymphoma; DSMZ Deposit No. ACC 3530) and
Karpas (human T cell lymphoma; DSMZ Deposit No. ACC
31) cell lines were mitially tested for binding to both the
fucosylated 5F11 (fuc-3F11) and defuc-5F11 using a stan-
dard FACS analysis. Each target cell displayed similar bind-
ing profiles through a range of antibody concentrations for
both fuc-5F11 and defuc-SF11. The level of CD30 expres-
s101, as determined by mean fluorescence intensity, was high-
est 1n .340, followed by Karpas, .428, and the lowest CD30
expression was on 11236 cells.

The L540, 1.428, L1236 and Karpas cells were tested 1n a
modified °'Cr antibody dependent cellular cytotoxicity
(ADCC) assay as follows. Each target cell line (100 ul of
labeled CD30+ cells) was incubated with 50 ul of effector
cells and 50 ul of antibody. A target to efiector ratio of 1:50
was used throughout the experiments. In all studies, the fol-
lowing negative controls were also run: a) target and effector
cells without antibody, b) target cells without effector cells, ¢)
wells containing target and effector cells 1n the presence of
1% Triton X-100, and d) human IgG1 isotype control. Fol-
lowing a 4 hour incubation at 37° C., the supernatants were
collected and counted on a gamma Counter (Cobra II auto-
gamma {rom Packard Instruments) with a reading window of
240-400 keV. The counts per minute were plotted as a func-
tion of antibody concentration and the data was analyzed by
non-linear regression, sigmoidal dose response (variable
slope) using Prism software (San Diego, Calif.). Cell cyto-
toxicity curves for the L.540, 1.428, L1236 and Karpas cell
lines using varying concentrations of fuc-3F11 and defuc-

SF11 are shown in FIGS. 4-7, respectively.
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The percent lysis was determined by the following equa-
tion:

% Lysis=(Sample CPM-no antibody CPM)/Tritonx
CPM-No antibody CPM)x100 5

The % Lysis was tested at an antibody concentration of 25
ug/ml and a target to effector cell ratio of 1:50. EC., values
also were calculated for each target cell. The results are sum-
marized 1n Table 2 below.

10
TABL

2

(L]

Cvtotoxic Ability of Defucosvlated Anti-CD30 Monoclonal Antibody

% Lysis ECs,
ratio ECs, ECqq ratio 1>
Target % Lysis % Lysis fucose-: (pug/ml) (pug/ml) focose+:
cell Fucose+ Fucose— fucose+ Fucose+ Fucose- fucose-
L.540 42 68 1.61 0.042 0.009 4.7
Karpas 19 50 2.63 0.250 0.032 7.8
L428 20 43 2.15 0.100 0.009 11.1 20
L1236 4 13 3.25 1.218 0.045 27.1

Defuc-3F11 showed from 1.61 times (for 1L.540 cells) to 3.25
times (for L1236 cells) greater percent cell lysis as compared
to the fuc-5F11 antibody. This increased potency of the defuc- 2>
SF11 results in measurable cell lysis at antibody concentra-
tions where the fuc-5F11 has no measurable effect. For
example, on L1236 cells, which have a low level of expres-
sion of CD30, defuc-3F11 at 0.1 ug/ml results 1n a 10%

specific lysis, whereas fuc-5F11 at the same concentration 39
has no measurable effect (see FIG. 6). Defuc-3F11 was 4.7

times (for L.540 cells) to 27.1 times (for L1236 cells) more
potent in ADCC activity than the fuc-5F11 antibody, as mea-
sured by ratio of EC., values.

35

Example 3

Assessment of ADCC Activity of Ant1-CD30
Antibody
40
In this example, ant1-CD30 monoclonal antibodies were
tested for the ability to kill CD30+ cell lines 1n the presence of
elfector cells via antibody dependent cellular cytotoxicity
(ADCC) 1n a fluorescence cytotoxicity assay. Human effector
cells were prepared as described above and the ADCC assay 45
performed as indicated above. As can be seen 1n FI1G. 9, when
using the defucosylated anti-CD30 antibody there was
increased ADCC activity as compared with parental anti-
CD30 antibody. In addition, the defucosylated anti-CID30
antibody was more potent than the parental antibody as evi- 50
denced by the reduced EC50 as compared to the parental
ant1-CD30 antibody. The antibody was also more efficacious

as evidenced by the fact that the maximum percent lysis was
higher for the defucosylated anti-CD30 antibody. With either

antibody, the ant1-CD16 (3G8) antibody effectively inhibited 55
the ADCC suggesting that this lysis was mediated by CD16.

Example 4

Increased ADCC With Human Eftector Cells 60

ADCC assays were performed as described above. In this
experiment, however, mouse eflector cells were compared
with human effector cells. As can be seen 1n FIG. 10, while
there was no increased ADCC comparing parental ant1-CD30 65
antibody with defucosylated antibody when mouse effector
cells were used, when human effector cells were examined,
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there was a notable increase 1n ADCC with the defucosylated
antibody as compared to the parental ant1-CD30 antibody.

Example 5

ADCC Assay Comparing Parental and
Defucosylated Antibody Using Effector Cells from

Cynomolgus Monkeys

Whole blood was obtained from cynomolgus monkeys.
Red blood cell lysed cynomolgus peripheral blood cells were
stimulated with 50 U/ml rIL-2 and cultured in RPMI1640
media containing 10% FBS overnight at 37° C. On the day of
the study, cynomolgus cells were resuspended 1n assay builer
(RPMI11640, 10% FBS, 2.5 mM probenecid) at 1x10” cells/
mL. CD30 positive target cells, Karpas 299, were labeled,
washed three times with wash bufier (PBS, 2.5 mM
probenecid, 20 mM HEPES), and adjusted to 1x10° cells/mL
for 1:50 target to effector cell ratio. The ADCC assay was
performed as described above. We compared the activity of
parental anti-CID30 antibody to defucosylated antibody using
cifector cells purified from cynomolgus blood. Modest
ADCC activity was seen with the parental antibody (Ifrom
around 7-10% cell lysis at 10 ng/mlL). In contrast, the defu-
cosylated antibody induced significantly higher percent lysis
(from around 10-30% cell lysis at 10 ug/ml.) and a reduced
EC50 (see FIG. 11).

Example 6

Scatchard Analysis of Binding Affinity of Ant1-CD30
Monoclonal Antibodies to 1L.540 Cells, Activated
Human and Cynomolgus Peripheral Blood Cells

The binding affinity of the parental and defucosylated anti-
CD30 antibodies was determined. We compared the binding
ailinity of the two antibodies to CD30 positive L.540 cells as
well as PHA/Con A-activated human or cynomolgus periph-
eral blood mononuclear cells.

Human or cynomolgus peripheral blood cells were stimu-
lated with 2 ug/ml PHA, 10 ug/ml Con A, and 50 U/ml rIL-2

and cultured in RPMI1640 media containing 10% {fetal
bovine serum (FBS) at 1x10° cells/ml density for 3 days. On
the day of the study, the cells were washed and adjusted to

2x107 cells/m in binding buffer (RPMI11640+10% FBS). As a
control, CD30 positive L.540 cells (adjusted to 4-8x10° cells/

ml) were used 1n these studies since they express high levels
of the antigen. The cells were placed on ice until the mnitiation
of the experiment. Millipore glass fiber filter plates
(MAFBNOB30) were coated with 1% nonfat dry milk 1n
water and stored a 4° C. overnight. The plates were washed
three times with 0.2 ml of binding butter. Fifty microliters of
builer alone was added to the maximum binding wells (total
binding). Twenty-five microliters of butler alone was added
to the control wells. Varying concentration of ' *>I-anti-CD30
antibody was added to all wells 1n a volume of 25 uL. Varying
concentrations of unlabeled antibody at 300-400 fold excess
were added 1n a volume of 25 ul to control wells (non-specific
binding) and 25 ul of CD30 positive 1.540 cells or stimulated
human or cynomolgus peripheral blood cells 1 binding
builer were added to all wells. The plates were incubated for
2 hours at 200 RPM on a shaker at 4° C. At the completion of
the incubation the Millipore plates were washed twice with
0.2 ml of cold wash butfer (RPMI1640, 10% FBS, 500 mM

NaCl). The filters were removed and counted 1n a gamma




counter.
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Evaluation of equilibrium binding was performed

using single site binding parameters with the Prism software
(San Diego, Calit.).

Using the above Scatchard binding assay, the K, of the

50

SUMMARY OF SEQUENCE LISTING

_ _ SEQ ID NO: SEQUENCE
parental CDD30 antibody for .540 cells was approximately 1.4
nM while the defucosylated antibody had a K,, of 1.9 nM 1 VH a.a. 5F11
(Table 3). This indicates that there was little change in affinity 2 VHaa. 1761
with removal of fucose. These studies were repeated using i zi 8- 21}:1?1
. . o e 5 da.d.
primary cells rather than a cell line. In addition, the atfinity on 5 VK a4 176G
cells which express significantly tewer receptors per cell was “ VK a.a HO
tested. Activated human peripheral blood cells were prepared 7 VH CDR1 a.a. 5F11
as indicated above and the K , was found tobe 1.1 and 2.7 nM 8 VH CDR1 a.a. 17G1
for parental and defucosylated anti-CD30 antibody, respec- ) VHCDRI1 a.a. 2HY
tively. 5 10 VH CDRZ2 a.a. 5F11
11 VH CDR2 a.a. 17G1
Finally, the binding affinity of the parental and defucosy- 12 VH CDR2 a.a. 2H9
lated antibody for PHA, Con A, and rIL-2 activated cynomol- 13 VH CDR3 a.a. 5F11
gus peripheral blood mononuclear cells was compared. The L4 VHCDRS a.a. 17G1
K ,, was found to be approximately 0.47 nM and 0.83 nM for L3 VHCDRS a.a. 2HD
: : 20 16 VK CDRI1 a.a. 5F11
parental and defucosylated antibody, respectively. 7 VK CDRA 4 176G
_ 18 VK CDRI a.a. 2H9
TABLE 3 19 VK CDR2 a.a. 5F11
20 VK CDR2 a.a. 17G1
Scatchard Analvsis 21 VK CDR? 4.4 7HO
25 -
22 VK CDR3 a.a. 5F11
Sample 1.540 Human  Cynomolgus .
23 VK CDR3 a.a. 17G1
Parental CD30 KD (nM ave) 1.37 1.08 0.47 24 VK CDR3 a.a. 2H9
Receptors Per 2496082 45654 72781 25 VH 4-34 germline aa
Cell (ave) 26 VH 3-07 germline aa
gﬁfgggsylmd ED (HSA a?) 302460(1).93 7425?66 108823. v 27 VK L15 germline aa
weebToIs B 28 VK A27 germline aa
Cell (ave) |
29 VK L6 germline aa
30 VHn.t 5F11
quliVEll ents 31 VHnt 17G1
, _ _ , 35 32 VH n.t. 219
‘Thos‘e skilled 1n the art will recognize, or be ablie to ascer- 13 VK nt SF11
tain using no more than routine experimentation, many 34 VK .t 17G1
equivalents of the specific embodiments of the invention 35 VK n.t. 2H9
described hereimn. Such equivalents are intended to be encom-
passed by the following claims.
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 35
<210> SEQ ID NO 1
<211> LENGTH: 112
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 1
Gln Val Gln Leu Gln Gln Trp Gly Ala Gly Leu Leu Lys Pro Ser Glu
1 5 10 15
Thr Leu Ser Leu Thr Cys Ala Val Tyr Gly Gly Ser Phe Ser Ala Tyr
20 25 30
Tyvr Trp Ser Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu Trp Ile
35 40 45
Gly Asp Ile Asn His Gly Gly Gly Thr Asn Tyr Asnh Pro Ser Leu Lys
50 55 60
Ser Arg Val Thr Ile Ser Val Asp Thr Ser Lys Asn Gln Phe Ser Leu
65 70 75 80
Lys Leu Asn Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala
85 90 95
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-continued
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Ser Leu Thr Ala Tyr Trp Gly Gln Gly Ser Leu Val Thr Val Ser Ser

100

<210> SEQ ID NO Z

<211> LENGTH:

«212> TYPE:

<213> ORGANISM: Homo sapiens

PRT

<400> SEQUENCE:

Glu
1

Ser

Trp

Ala

Lys

65

Leu

Ala

Thr

Val Gln Leu

Leu

Met

Agh

50

Gly

Gln

Arg

Val

Arg

Ser

35

Tle

ATrg

Met

Val

Ser
115

Leu
20

Trp

Agn

Phe

Agn

His

100

Ser

116

2

Val
5

Ser

Val

Glu

Thr

Ser

85

Trp

<«210> SEQ ID NO 3

<211> LENGTH:

«212> TYPERE:

<213> ORGANISM: Homo sapilens

PRT

<400> SEQUENCE:

Gln Val Gln Leu Gln

1

Thr

Gly

Ser
65

ATg

Thr

Leu

Trp

Glu

50

Arg

Leu

Glu

Val

Ser

Ser

35

Ile

Val

Ser

Thr

Ser
115

Leu
20

Trp

Agn

Thr

Ser

Val

100

Ser

116

3

5

Thr

Tle

His

ITle

Vval
g5

<210> SEQ ID NO 4

<211> LENGTH:

<212> TYPE:

<213> ORGANISM: Homo sapiens

PRT

<400> SEQUENCE:

107

4

Glu

ATg

ASP

Phe

70

Leu

Gln

Cvs

ATrg

Ser

Ser

70

Thr

Tvyr

Ser

Val

Gln

Gly

55

Ser

Arg

Phe

Trp

Ala

Gln

Gly

55

Val

Ala

Phe

Gly

Ala

2la

40

Ser

ATrg

Ala

His

Gly

Val

Pro

40

Ser

ASpP

2la

ASP

105

Gly

Ser

25

Pro

Glu

ASP

Glu

Leu
105

Ala

Tyr

25

Pro

Thr

Thr

ASDP

Leu
105

Gly
10

Gly

Gly

Agn

ASpP
90

Trp

Gly
10

Gly

Gly

Sexr

Thr
90

Trp

Leu

Phe

Phe
Ala
75

Thr

Gly

Leu

Gly

Liys
75

Ala

Gly

Val

Thr

Gly

Tyr

60

Glu

Ala

ATrg

Leu

Ser

Gly

Thr

60

His

Val

ATYJ

Gln

Phe

Leu

45

Val

AsSn

Val

Gly

Phe
Leu
45

Pro

Gln

Gly

110

Pro

Ser

30

Glu

ASP

Ser

Thr
110

Pro

Ser

30

Glu

Ser

Phe

Thr
110

Gly

15

Agn

Trp

Ser

Leu

Tyr

55

Leu

Ser

15

Gly

Trp

Leu

Ser

Cys

55

Leu

Gly

Ser

Val

Val

Tyr

80

Val

Glu

Tle

Leu
80

Ala

Val

Asp Ile Gln Met Thr Gln Ser Pro Thr Ser Leu Ser Ala Ser Val Gly

1

5

10

15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Ser Trp

20

25

30



Leu

Ser
65

Glu

Thr

Thr

ala

50

Gly

ASpP

Phe

Trp

35

Ala

Ser

Phe

Gly

Ser

Gly

Ala

Gln
100

Gln

Ser

Thr

Thr

85

Gly

<210> SEQ ID NO b5

<211> LENGTH:

«212> TYPE:

<213>

PRT

ORGANISM:

<400> SEQUENCE:

Glu Ile Val Leu

1

Glu

Ile
Gly
65

Pro

Trp

ATrg

Leu

Tyr

50

Ser

Glu

Thr

Ala

Ala

35

Gly

Gly

ASP

Phe

Thr
20

Trp

Ala

Ser

Phe

Gly
100

108

Homo sapiens

5

Thr

Leu

Ser

Gly

Ala

85

Gln

<210> SEQ ID NO 6

<«211> LENGTH:

<212> TYPE:

<213>

PRT

ORGANISM:

<400> SEQUENCE:

Glu Ile Val Leu

1

Glu

Leu

Ser
65

Glu

Thr

Arg

ala

ASp

50

Gly

ASp

Phe

Ala

Trp

35

Ala

Ser

Phe

Gly

Thr

20

Ser

Gly

Ala

Gln
100

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPERE:

<213> ORGANISM:

PRT

107

Homo sapiens

Thr

Leu

Gln

Asn

Thr

Val

85

Gly

Homo sapiens

Gln

Leu

ASP

70

Thr

Gln

Ser

Gln

Ser

Thr

70

Val

Gly

Gln

Ser

Gln

ATrg

ASpP

70

Thr

53

Gln
55

Phe

Arg

Ser

Gln

Arg
55

AsSp

Thr

Ser

bAla
55

Phe

Pro
40

Ser

Thr

Leu

Pro

ATrg

Lys

40

Ala

Phe

Pro

ATrg

Pro

40

Thr

Thr

Val

Glu

Gly

Leu

Gln

Glu
105

Gly

Ala

25

Pro

Thr

Thr

Val
105

Ala

Ala

25

Gly

Gly

Leu

Gln

Glu
105

Val

Thr

Gln
90

Ile

Thr
10

Ser

Gly

Gly

Leu

Gln

50

Glu

Thr
10

Ser

Gln

Tle

Thr

Gln

50

Tle

Ala

Pro

Ile
75

Leu

Gln

Gln

Ile

Thr

75

Gln

Tle

Leu

Gln

Ala

Pro

Ile

75

Arg

-continued

Pro
Ser
60

Ser

ASp

Ser

Ser

Ala

Pro

60

Tle

Ser

Ser

Pro

Ala

60

Ser

Ser

Lys
45
Arg

Ser

Ser

Leu

Vval

Pro

45

Asp

Ser

Gly

Leu

Val

Arg

45

Arg

Ser

Agh

Ser

Phe

Leu

Ser

Ser

30

ATg

Arg

Ser

Ser

Ser

Ser

30

Leu

Leu

Leu

Trp

Leu

Ser

Gln

Pro
o5

Pro

15

Ser

Leu

Phe

Leu

Ser
o5

Pro

15

Ser

Leu

Ser

Glu

Pro
5

US 8,207,303 B2

Tle

Gly

Pro

80

Tle

Gly

Ser

Leu

Ser

Glu

80

Pro

Gly

Agn

Ile

Gly

Pro

80

Trp

54



<400> SEQUENCE:

Ala Tyr Tyr Trp
1

<210> SEQ ID NO
<211> LENGTH: 5

«212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Asn Ser Trp Met

1

<210> SEQ ID NO
<211> LENGTH: 5
«212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Gly Tvr Tyr Trp
1

<210> SEQ ID NO

<211> LENGTH: 16

«212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

3

7

Ser

Homo sapiens

8

Ser

Homo sapiens

5

Ser

10

Homo sapiens

10
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-continued

Asp Ile Asn His Gly Gly Gly Thr Asn Tyr Asn Pro Ser Leu Lys Ser

1

<210> SEQ ID NO

<211> LENGTH: 17

«212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

5

11

Homo sapiens

11

10

15

Asn Ile Asn Glu Asp Gly Ser Glu Lys Phe Tyr Val Asp Ser Val Lys

1

Gly

<210> SEQ ID NO

<211> LENGTH: 16

«212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Glu Ile Asn His
1

<210> SEQ ID NO
<211> LENGTH: 4
«212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE :
Leu Thr Ala Tyr

1

<210> SEQ ID NO
<211> LENGTH: 7
«212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

5

12

Homo sapiens

12

10

15

Ser Gly Ser Thr Lys Tyr Thr Pro Ser Leu Lys Ser

5

13

Homo sapiens

13

14

Homo sapiens

14

10

15

56



Val His Trp Tvyr
1

<210> SEQ ID NO
<211> LENGTH: 8
<212> TYPRE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Glu Thr Val Tyr
1

<210> SEQ ID NO

<211> LENGTH: 11

<212> TYPRE: PRT
<213> ORGANISM:

<400> SEQUENCE:

S7

Phe Hig Leu
5

15

Homo sapiens

15
Tyr Phe Asp Leu
5

16

Homo sapiens

16

Arg Ala Ser Gln Gly Ile Ser Ser Trp Leu Thr

1

<«210> SEQ ID NO

<211> LENGTH: 12

<«212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

5

17

Homo sapiens

17

10
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-continued

Arg Ala Ser Gln Ser Val Ser Ser Ser Tyr Leu Ala

1

<«210> SEQ ID NO

<211> LENGTH: 11

<«212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Arg Ala Ser Gln
1

<«210> SEQ ID NO
<211> LENGTH: 7
<«212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Ala Ala Ser Serxr
1

<«210> SEQ ID NO
<211> LENGTH: 7
<«212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE :
Gly Ala Ser Ser

1

<«210> SEQ ID NO
<211> LENGTH: 7
«212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Asp Ala Ser Asn
1

5

18

Homo sapiens
18

Ser Val Ser Ser
5

19

Homo sapiens

19

Leu Gln Ser
5

20

Homo sapiens

20

Arg Ala Thr
5

21

Homo sapiens

21

Arg Ala Thr
5

10

2on Leu Ala
10

58



59

<210> SEQ ID NO 22
<211> LENGTH: 9

<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 22

Gln Gln Tvyvr Asp

1

5

<210> SEQ ID NO 23
<211> LENGTH: 9

<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 23

Gln Gln Tvyr
1

Homo sapiens

Homo sapiens

Ser Tyr Pro Ile Thr

Gly Ser Ser Pro Trp Thr

5

<210> SEQ ID NO 24
<«211> LENGTH: 9

<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 24

Gln Gln Arg
1

Homo sapiens

Ser Asn Trp Pro Trp Thr

5

<210> SEQ ID NO 25
«211> LENGTH: 97

<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 25

Gln Val Gln Leu Gln Gln Trp

1
Thr Leu Ser
Tyr Trp Ser
35

Gly Glu Ile
50

Ser Arg Val
65

Lys Leu Ser

ATrg

5

Leu Thr Cys Ala
20

Trp Ile Arg Gln

Asn His Ser Gly

55

Thr Ile Ser Val
70

Ser Val Thr Ala

85

<210> SEQ ID NO 26
<211> LENGTH: 98

«212> TYPE:

<213> ORGANISM: Homo sapiens

PRT

<400> SEQUENCE: 26

Glu Val Gln Leu Val Glu Ser

1

Ser Leu Arg

Trp Met Ser
35

Ala Asn TIle

5

Leu Ser Cys Ala
20

Trp Val Arg Gln

Lys Gln Asp Gly

Homo sapiens

Gly

Val

Pro

40

Ser

ASP

Ala

Gly

2la

2la
40

Ser

Ala

Tyr

25

Pro

Thr

Thr

ASP

Gly
Ser
25

Pro

Glu

Gly

10

Gly

Gly

Agn

Ser

Thr
90

Gly
10

Gly

Gly

Leu

Gly

Lys
75

Ala

Leu

Phe

-continued

Leu

Ser

Gly

AsSn

60

Asn

Val

Val

Thr

Gly

Phe

Leu

45

Pro

Gln

Gln

Phe

Leu
45

Vval

Pro

Ser

30

Glu

Ser

Phe

Pro
Ser
30

Glu

ASP

Ser

15

Gly

Trp

Leu

Ser

Cys
S5

Gly
15
Ser

Trp

Ser

US 8,207,303 B2

Glu

Ile

Leu
80

Ala

Gly

Val

Val

60



50

61

55

-continued

60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu

65

70

75

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr

Ala

ATy

85

<210> SEQ ID NO 27

<211> LENGTH:

<212> TYPE:

<213> ORGANISM: Homo sapiens

PRT

<400> SEQUENCE:

Glu Ile Val Leu

1

Glu

Leu

Ser
65

Glu

Arg

ala

ASpP

50

Gly

ASp

Ala

Trp

35

Ala

Ser

Phe

Thr

20

Ser

Gly

Ala

54

277

Thr
5

Leu

Gln

AsSn

Thr

Val
85

<210> SEQ ID NO 28

<«211> LENGTH:

«212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Glu Ile Val Leu

1

Glu

Tvr

Tle

Gly

65

Pro

ATrg

Leu

Tvyr

50

Ser

Glu

Ala

Ala
35

Thr
20

Trp

Gly Ala

Gly Ser

ASP

Phe

55

Homo sapiens

28

Thr
5

Ser

Gly

Ala
85

<210> SEQ ID NO 29

<211> LENGTH:

«212> TYPE:

<213> ORGANISM: Homo sapiens

PRT

<400> SEQUENCE:

Asp Ile Gln Met

1

Asp Arg Val

Leu Ala Trp

Tyr Ala Ala

35

Thr
20

Ser

54

29

Thr
5

Tle

Gln

Ser

Gln

Ser

Gln

ATrg

ASpP
70

Gln

Ser

Gln

Ser

Thr

70

Val

Gln

Thr

Gln

Leu

Ser

Ala
55

Phe

Ser

Gln

Arg
55

AsSp

Ser

Gln

Pro

ATrg

Pro

40

Thr

Thr

Pro

ATrg

Lys

40

Ala

Phe

Pro

ATrg

Pro
40

Ser

Ala

Ala

25

Gly

Gly

Leu

Gln

Gly

Ala

25

Pro

Thr

Thr

Ser

Ala
25

Glu

Gly

50

Thr

10

Ser

Gln

Tle

Thr

Gln
o0

Thr
10

Ser

Gly

Gly

Leu

Gln
90

Ser
10

Ser

Val

Leu

Gln

Ala

Pro

Ile

75

Arg

Leu

Gln

Gln

Tle

Thr

75

Gln

Leu

Gln

Ala

Pro

Ser

Ser

Pro

Ala
60

Ser

Ser

Ser

Ser

Ala

Pro

60

Tle

Ser

Gly

Pro

Ser

Leu

Val

Arg

45

Arg

Ser

Agh

Leu

Vval

Pro

45

Asp

Ser

Gly

Ala

Tle

Lys
45

Arg

Ser
Ser

30

Leu

Phe

Leu

Trp

Ser

Ser

30

ATg

ATrg

ATrg

Ser

Ser
Ser
30

Ser

Phe

55

Pro

15

Ser

Leu

Ser

Glu

Pro

15

Ser

Leu

Phe

Leu

Ser
o5

Val
15

Ser

Leu

Ser

US 8,207,303 B2

Tyzr
80

Gly

Ile

Gly

Pro
80

Gly

Ser

Leu

Ser

Glu
80

Gly

Trp

Ile

Gly

62
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63

-continued

50 55 60

sSer Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn Ser Tyr
85 S50

<210>
<211>
<«212>
<213>

SEQ ID NO 30
LENGTH: 336
TYPE: DNA

ORGANISM: Homo saplens

<220>
<22]1>
<222 >

<400>

cag
Gln
1

acgc
Thr

tac

999
Gly

agt
Ser
65

aag

agc
Ser

gtg
Val

ctg
Leu

Trp

gac
ASpP
50

cga
ATrg

ctg
Leu

cta
Leu

cag
Gln

tcc
Ser

agc
Ser
35

atc
Tle

gtc
Val

aac
Agsn

act
Thr

FEATURE:
NAME /KEY :
LOCATION:

SEQUENCE :

cta
Leu

ctc

Leu
20

Trp

aat
Agnh

acc
Thr

tct
Ser

gcc
Ala
100

CDS

(1) .. (336)

30
cag

Gln

acgc
Thr

atc
Ile

cat
His

ata
Tle

gta
Vval
g5

tac

cag
Gln

cgc
ATg

ggt
Gly

tca
Ser
70

acgc
Thr

tgg
Trp

tgg
Trp

gct
Ala

cag
Gln

gga
Gly

55

gta
Val

gcc
bAla

ggc
Gly

gy
Gly

gtc
Val

CCC

Pro
40

gygc
Gly

gac
ASP

gcyd
Ala

cag
Gln

gca
Ala

tat
Tyr
25

cca
Pro

acc
Thr

acg
Thr

gac
ASDP

g9ga
Gly

105

gdga
Gly

10

ggt
Gly

9499
Gly

aac
Agn

tcc
Serxr

acyg
Thr
90

agc
Ser

ctg
Leu

999
Gly

aag
Lys
75

gct
Ala

ctg
Leu

ttyg
Leu

tcc
Ser

99Y
Gly

aac
AsSn
60

aac
ASn

gtg
Val

gtc
Val

aag

Ctce
Phe

ctyg
Leu
45

cCcg
Pro

cag
Gln

tat

acc
Thr

cct
Pro

agt
Ser
30

gay
Glu

tcc
Ser

| e
Phe

tac

gtc
Val
110

tcg
Ser
15

gct
ala

Trp

ctce
Leu

tcc
Ser

tgt
Cys
55

tcc
Ser

gay
Glu

tac

att
Ile

aag
Lys

ctg
Leu
80

gcd
Ala

tca
Ser

48

56

144

192

240

288

336

<210>
<211>
<212 >
<213>

SEQ ID NO 31
LENGTH: 348
TYPE: DNA

ORGANISM: Homo saplens

220>
<22]1>
<222 >

FEATURE:
NAME /KEY :
LOCATION:

<400> SEQUENCE:

gay
Glu
1

tcc
Ser

tgg
Trp

gcce
Ala

aag
Lys
65

ctyg
Leu

gtg
Val

ctyg
Leu

atg
Met

aac
Agn
50

ggc
Gly

caa
Gln

cag
Gln

aga
ATrg

agc
Ser
35

ata
Tle

cga
Arg

atg
Met

ttg
Leu

ctc
Leu
20

tgg
Trp

aac
Agn

Ctce
Phe

aac
Agn

CDS

(1) ..{(348)

31

gtg
Val
5

tcc
Ser

gtc
Val

gaa
Glu

acgc
Thr

agc
Ser

gay
Glu

tgt

cgc
ATrg

gat
ASpP

Ctc
Phe
70

ctyg
Leu

tct
Ser

gta
Val

cag
Gln

gga
Gly

55

tcc
Ser

aga
Arg

9494
Gly

gcc
2la

gct
Ala
40

agt
Ser

aga
Arg

gcc
2la

gya
Gly

CCt

Ser
25

cca
Pro

gag
Glu

gac
ASDP

gay
Glu

gyc
Gly

10

gya
Gly

999
Gly

daa

aac
Agn

gac
ASp

ttg
Leu

CLCC
Phe

aad

CtcC
Phe

gcc
Ala
75

acg
Thr

gtc
Val

acc
Thr

999
Gly

tat
Tvr
60

gay
Glu

gct
Ala

cag
Gln

CCtC
Phe

ctyg
Leu
45

gtg
Val

aac
Agn

gtyg
Val

cct
Pro

agt
Ser
30

gay
Glu

gac
ASP

tca
Ser

cat

999
Gly

15

aac
Agn

tgg
Trp

tct
Ser

ctg
Leu

tac

9499
Gly

tct
sSer

gtg
Val

gtg
Val

tat
Tyr
80

tgt

48

56

144

192

240

288



gCd
Ala

act
Thr

<210>
<«211>
<212>
<213>
<220>
<221>
222>

<400>

cag
Gln
1

acgc
Thr

tac

999
Gly

agc
Ser
65

aag

aga
ATrg

act
Thr

<210>
<211>
«212>
<213>
<220>
<221>
<222

<400>

gac
ASP
1

gac
ASpP

tta
Leu

tat

agy
Arg

gtc
Val

gtg
Val

ctyg
Leu

tgg
Trp

gaa
Glu
50

cga
ATrg

ctg
Leu

gay
Glu

gtc
Val

atc
Ile

aga
Arg

acc
Thr

gct
2la
50

gtt
Val

tcc
Ser
115

cag
Gln

tcc
Ser

agc
Ser
35

atc
Tle

gtc
Val

agc
Ser

act
Thr

tcc
Ser
115

cag
Gln

gtc
Val

tgg
Trp

35

gca
Ala

85

65

90

-continued

95

US 8,207,303 B2

cat tgg tac ttc cat ctc tgg ggc c¢gt ggce acc ctg gtce
His Trp Tyr Phe His Leu Trp Gly Arg Gly Thr Leu Val

100

tca
Ser

SEQUENCE :

cta
Leu

ctc
Leu
20

tgg
Trp

aat
Agnh

acc
Thr

tct
Ser

gtc
Val
100

tca
Ser

SEQUENCE :

atg
Met

acc
Thr
20

tat

tcc
Ser

SEQ ID NO 32
LENGTH :
TYPE: DNA

ORGANISM: Homo saplens
FEATURE:
NAME /KEY :
LOCATION:

348

CD5S

(1) ..{(348)

32

cag
Gln
5

aCC

Thr

atc
Ile

cat
His

ata
Tle

gtg
Vval
85

tac

SEQ ID NO 33
LENGTH :
TYPE: DNA

ORGANISM: Homo saplens
FEATURE:
NAME /KEY :
LOCATION:

321

CD5S

cag
Gln

tgc

cgc
ATg

agt
Ser

tca
Ser
70

acgc
Thr

tac
Tyr

tgg
Trp

gct
Ala

cag
Gln

gga
Gly

55

gta
Val

gcc
bAla

ctc
Phe

(1) ..(321)

33

acc
Thr

atc
Tle

cag
Gln

agt
Ser

cag
Gln

act
Thr

cag
Gln

ttyg
Leu

tct
Ser

caa
Gln

55

ggc
Gly

gtc
Val

cCcC
Pro
40

agc
Ser

gac
ASP

gcyd
Ala

gat
ASpP

cca
Pro

cy9Y
ATrg

cCa
Pro
40

agt
Ser

105

gca

Ala Gly

tat

Tvr Gly

25

cCca

Pro Gly

acc
Thr

acg
Thr

gac
ASDP

ctce
Leu
105

acc
Thr

gcd
Ala
25

gag
Glu

999
Gly

gdg4a

10

ggt

999

aag
Lys

tcc
Serxr

acyg
Thr
o0

tgg
Trp

tca
Ser
10

agt
Ser

aaa
Lys

gtc
Val

ctg
Leu

949
Gly

aag
Lys
75

gct
Ala

ggc
Gly

ctyg
Leu

cag
Gln

gcc
Ala

cca
Pro

ttg
Leu

tcc
Ser

999
Gly

acc
Thr
60

cac
His

gtg
Val

cgt
ATrg

tct
Ser

ggt
Gly

cct
Pro

tca
Ser

60

aag

ctc
Phe

ctyg
Leu
45

cCcg
Pro

caa
Gln

tat

ggc
Gly

gca
Ala

att
Tle

aag
Lys
45

agg
Arg

110

cct
Pro

agt
Ser
30

gay
Glu

tcc
Ser

| e
Phe

tac

acg
Thr
110

tct
Ser

agc
Ser
30

tcc
sSer

CCcC
Phe

tcg
Ser
15

ggt
Gly

tgg
Trp

ctce
Leu

tcc
Ser

tgt
Cys
55

ctg
Leu

gta
Val
15

agc
Ser

ctg
Leu

agc
Ser

gay
Glu

tac

attc
Ile

aag
Lys

ctg
Leu
80

gcd
Ala

gtc
Val

gya
Gly

tgg
Trp

atc
Tle

ggc
Gly

336

348

48

96

144

192

240

288

336

348

48

96

144

192



agt
Ser
65

gaa
Glu

acc
Thr

<210>
<«211>
<212>
<213>
«220>
<221>
222>

<400>

gaa
Glu
1

gaa

Glu

tac

atc
Tle

ggc
Gly

65

cct
Pro

tgg
Trp

<210>
<«211>
«212>
<213>
«220>
<221>
<222

<400>

gaa
Glu
1

gaa
Glu

tta
Leu

tat

agt
Ser

g4ga
Gly

gat
ASp

| e
Phe

tct
Ser

CLCL
Phe

gyc
Gly

999
Gly

gca
Ala

caa
Gln
100

aca
Thr

act
Thr
g5

g9Y
Gly

gat
ASpP
70

tat

aca
Thr

67

Ctc
Phe

tac

cga
Arg

act
Thr

ctyg
Leu

SEQ ID NO 34
LENGTH: 324
TYPE: DNA

ORGANISM: Homo saplens

att
Ile

aga
Arg

tta
Leu

tat
Tvyr
50

agt
Ser

gaa
Glu

acg
Thr

gtg
Val

gcc
Ala

gcc
Ala
35

ggt
Gly

999
Gly

gat
ASP

CCc
Phe

FEATURE:
NAME /KEY :
LOCATION:

SEQUENCE :

ttg
Leu

acc
Thr
20

tgg
Trp

gca
Ala

tct
Ser

cct
Phe

gyc
Gly

100

CD5S

(1) ..(324)

34
acg

Thr

ctc
Leu

tac

tcc
Ser

999
Gly

gca
Ala
85

caa
Gln

cag
Gln

tcc
Ser

cag
Gln

agc
Ser

aca
Thr
70

gtg
Val

99Y
Gly

tct
Ser

cag
Gln

ag9y
Arg

55

gac
Asp

tat

acgc
Thr

cCa
Pro

agdy
ATy

aaa
Lys
40

gcc
2la

CCcC
Phe

tac

aag
Lys

SEQ ID NO 35
LENGTH: 321
TYPE: DNA

ORGANISM: Homo saplens

att
Ile

aga
Arg

gcc
2la

gat
ASp
50

994
Gly

gtg
Val

gcc
Ala

tgg
Trp

35

gca
Ala

tct
sSer

FEATURE:
NAME /KEY :
LOCATION:

SEQUENCE :

ttg
Leu

acc
Thr
20

tac

tcc
Ser

99Y
Gly

CD5S

(1) ..(321)

35

aca
Thr

ctce
Leu

caa
Gln

aac
Agn

aca
Thr

cag
Gln

tcc
Ser

cag
Gln

adgg
ATrg

gac
ASpP

tct
Ser

gcc
bAla
55

CtcC
Phe

cca
Pro

agy
ATrg

cCct
Pro
40

act
Thr

act
Thr

ctce
Leu

caa
Gln

gayd
Glu
105

gyc
Gly

gcc
Ala
25

cct
Pro

act
Thr

act
Thr

tgt
Cys

gtg
Val
105

gcc
Ala

gcc
Ala
25

ggc
Gly

gyc
Gly

ctce
Leu

acc
Thr

cag
Gln
90

atct
Tle

acgc
Thr
10

agt
Ser

gyc
Gly

ggc
Gly

ctce
Leu

cag
Gln
o0

gaa
Glu

acc
Thr
10

agt
Ser

cag
Gln

atc
Tle

acc
Thr

atc

ctyg
Leu

cag
Gln

cag
Gln

atc
ITle

acc
Thr
75

cag
Gln

atc
Ile

ctyg
Leu

cag
Gln

gct
Ala

cca
Pro

atc
ITle

US 8,207,303 B2

-continued

agc
Ser

gat
ASDP

tct
Ser

agt
Ser

gct
Ala

cCa
Pro
60

atc
Tle

tct
Ser

agt
Ser

cCcC
Pro

gcc
Ala
60

agc
Ser

agc
Ser

agt
Ser

ttyg
Leu

gtt
Val

cCcC
Pro
45

gac
Asp

agc
Ser

ggt
Gly

ttyg
Leu

gta
Val

ag9y
Arg

45

agg
Arg

agc
Ser

ctg
Leu

tac
Tyr

tct
Ser

agc
Ser
30

ag9y
ATrg

agy
ATrg

agc
Ser

agc
Ser

tct
Ser

agc
Ser
30

ctce
Leu

ctce
Leu

cta
Leu

cag
Gln

cct

Pro
o5

cCca

Pro
15

agc
Ser

ctce
Leu

ct¢e
Phe

ctg
Leu

tca
Ser
5

cCca
Pro
15

agc
Ser

ctce
Leu

agt
Ser

gayd
Glu

CcCt

Pro
80

atc
ITle

999
Gly

agc
Ser

ctce
Leu

agt
Ser

gagd
Glu
80

CCg
Pro

9499
Gly

aac
Agn

atc
Tle

ggc
Gly

cct
Pro

240

288

321

48

96

144

192

240

288

324

48

96

144

192

240

08



US 8,207,303 B2

-contilnued
65 70 75 80
gaa gat ttt gca gtt tat tac tgt caa cag cgt agc aac tgg ccg tgg 288
Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Arg Ser Asn Trp Pro Trp
85 S50 55
acg ttc ggc caa ggg acc aag gtg gaa atc aaa 321
Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

We claim:
1. An 1solated full length IgG1 anti-CD30 antibody, which

lacks fucose residues, wherein the antibody comprises a
heavy chain varniable region CDR1 comprising SEQ ID NO:
7, a heavy chain variable region CDR2 comprising SEQ 1D
NO: 10, aheavy chain variable region CDR3 comprising SEQ
ID NO: 13, a light chain variable region CDRI1 comprising
SEQ ID NO: 16, a light chain variable region CDR2 compris-

ng SEQ ID NO: 19, and a light chain variable region CDR3
comprising SEQ ID NO: 22.

2. The antibody of claim 1, wherein the heavy chain vari-
able region comprises the amino acid sequence of SEQ ID
NO: 1 and the light chain variable region comprises the amino
acid sequence of SEQ ID NO:4.

3. The antibody of claim 1, which 1s a monoclonal anti-
body.

4. The antibody of claim 1, which 1s a human, humanized
or chimeric antibody.

5. The antibody of claim 1, wherein the antibody 1s linked
to a toxin.

6. A method of inhibiting growth of CD30%cells compris-
ing contacting said cells with the antibody of claim 1 under
conditions sufficient to induce antibody-dependent cellular
cytotoxicity (ADCC) of said cells.

7. The method of claim 6, wherein said cells are tumor
cells.

8. The method of claim 6, wherein said anti-CD30 antibody
1s a human antibody.

15

20

25

30

35

9. A method of inhibiting growth of tumor cells expressing,
CD30 1n a subject, comprising administering to the subject
the antibody of claim 1, in an amount effective to inhibit
growth of tumor cells expressing CID30 1n the subject.

10. The method of claim 9, wherein said anti-CD30 anti-
body 1s a human antibody.

11. The method of claim 9, wherein said tumor cells are
Hodgkin’s Disease (HD) tumor cells.

12. The method of claim 9, wherein said tumor cells are
anaplastic large-cell lymphoma (ALCL) tumor cells.

13. The method of claim 9, wherein the tumor cells are
from a disease selected from the group consisting of non-
Hodgkin’s lymphoma, Burkitt’s lymphoma, cutaneous T-cell
lymphomas, nodular small cleaved-cell lymphomas, lympho-
cytic lvmphomas, peripheral T-cell lymphomas, Lennert’s
lymphomas, immunoblastic lymphomas, T-cell leukemia/
lymphomas (ATLL), adult T-cell leukemia (T-ALL), entro-
blastic/centrocytic (cb/cc) follicular lymphomas cancers, dif-
tuse large cell lymphomas of B lineage, angioimmunoblastic
lymphadenopathy (AILD)-like T cell lymphoma, adult T-cell
lymphoma (ATL), HIV associated body cavity based lym-
phomas, Embryonal Carcinomas, undifferentiated carcino-
mas of the rhino-pharynx (e.g., Schmincke’s tumor), Castle-

man’s disease, Kaposi’s Sarcoma, CD30+ T-cell lymphomas
and CD30+ B-cell lymphomas.
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